Energy efficiency refurbishment of UK owner-occupied homes: the householders’ perspective by Kate Simpson (1256709)
  
 
 
 
 
 
Energy efficiency refurbishment of UK owner-occupied homes:  
The householders’ perspective 
 
By 
 
Kate Simpson 
 
Submitted in partial fulfillment of the requirements for the award of  
Doctor of Philosophy of Loughborough University 
 
© By Kate Simpson 2017 
 
 
 
 
 
 
 
 
 
 
 
 
   2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   3 
 
Abstract  
Owner-occupiers represent 63.1% of UK households (ONS, 2016); a key group to 
focus attention on as a means to increase domestic energy efficiency rates (Risholt 
et al, 2013). The experiences of early-adopters of measures such as external wall 
insulation within this group may affect the future adoption rates, through word-of 
mouth referrals (McMichael & Shipworth, 2013). Householders’ are often willing to 
tolerate disruption, but unexpected delays or complications can cause considerable 
stress (Vadodaria et al., 2010). Negative attitudes can develop towards a 
refurbishment experience due to technological faults or internal disputes leading to 
problems with workmanship (Crosbie and Baker, 2010). These experiences can lead 
to dissatisfaction with the experience and potentially the refurbishment outcome in 
terms of energy demand and living environment comfort. This study has followed 
ten owner-occupied case study households through an energy efficiency 
refurbishment process. Householders’ were interviewed pre, during and post 
refurbishment over a period of one year, with a focus on the expectations and 
experiences of the refurbishment in terms of process and potential changes to 
thermal environment comfort and space heating energy demand. The interview 
data were triangulated with measurements of internal air temperature, air leakage 
tests and space heating energy use in addition to space heating energy modelling, 
using a version of the Standard Assessment Procedure (2009). The findings show 
that in terms of refurbishment process, measures which installers’ have more 
apparent experience in, such as combination boiler or window replacements have 
few unexpected events and outcomes, whereas measures such as external wall 
insulation and air leakage sealing can lead to refurbishment delays or dissatisfaction 
with workmanship. Two households exceeded the 2050 target for an 80% reduction 
in CO2 emissions from space heating. Nine improved thermal environment comfort 
levels, as supported by measurements. However the impact on householder 
perceptions of disruption and workmanship may affect future uptake. Policy and 
installer recommendations are made including the need for consistent policy and 
urgent improvements to installer customer service, energy efficiency expertise and 
skills.  
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1. INTRODUCTION  
1.1 Background  
There is a current urgency to reduce the energy demand of homes using a trans-
disciplinary approach (Lomas, 2010). The domestic sector is responsible for 30% of 
annual CO2 emissions in the UK (Harris et al, 2011). At a household level this is 
estimated at an average of 5,827kgCO2 per household per year (Firth et al, 2010). In 
2012, space heating accounted for almost 66% of domestic energy use (DECC, 
2013a). The UK government is committed to achieving an 80% reduction in CO2 
emissions by 2050; from 1990 levels as set out in the Climate Change Act (HM 
Government, 2008).  
Since the 1950s the atmosphere and ocean have warmed, amounts of snow and ice 
have diminished, sea levels have risen and concentrations of greenhouse gases have 
increased, according to the International Panel on Climate Change (IPCC, 2013). The 
IPCC stated it is extremely likely that human influence, including the emitting of CO2 
has been the cause of global warming since the mid-19th century. Limiting climate 
change will require substantial and sustained reductions of greenhouse gas 
emissions, including CO2 (IPCC, 2013). CO2 is particularly important to tackle as such 
large quantities are emitted. 
The heat produced within a home to maintain a comfortable living temperature is 
lost through ventilation and by transmission through the building fabric (CIBSE, 
2006). Over the next fifty years around one half of all building’s energy use may be lost 
through ventilation and air infiltration (Liddament, 1996). Energy efficiency 
improvements should result in a reduction of these losses; the Department for 
Energy and Climate Change (DECC) hoped that a minimum of two thirds or 68% of 
the carbon reduction would be achieved through professionally installed insulation 
measures, which should provide long-term reductions (DECC, 2012a). 
Methods of reducing heat loss through insulating lofts are wide-spread and well 
known. In UK homes in 2016, 32% of homes with predominantly cavity walls were 
uninsulated, 93% of private sector solid walls were uninsulated and approximately 
20% all of homes did not have double glazing, 95% of private sector homes had 
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central heating, but 21% could be upgraded by replacing the old boiler for a 
condensing boiler (DCLG, 2017).  This highlights that there is potential to insulate 
more cavity walls, and install more double glazing; or even replace double glazed 
windows for triple glazing. It also highlights the huge potential to insulate solid walls. 
It has been estimated that to meet an 80% reduction in CO2 emissions by 2050 we 
would need to achieve almost ‘zero carbon0F1’ standards through the addition of 
energy efficiency measures to 25million UK homes (Davis & Oreszczyn, 2011), which 
is almost all of the UK housing stock. Research by Lomas (2010) suggests a cut in 
emissions of 11.5%-13.8% by 2020 with further reductions by 2050 may be feasible. 
This is using local and national strategies involving a combination of technical and 
social measures addressing the building stock improvements in addition to attitudes 
and behaviours, of householders’, installers’ and professionals alike (Lomas, 2010).  
1.2  Justification 
Challenges exist in upgrading the UK housing stock, Lomas (2010) recognised that 
CO2 savings are not always made due to a variety of reasons including poorly 
installed insulation or interventions resulting in changes of behaviour patterns and 
increased heating demand (Lomas, 2010).  Where CO2 savings are not made as 
expected, the householders’ may not make the savings on energy bills they were 
expecting, or increase their thermal environment comfort in the way they hoped, 
which may lead to dissatisfaction from the process, disruption, time and financial 
costs involved.  
Research has also found that householders’ can develop negative attitudes towards 
an installation experience due to technological faults or internal disputes leading to 
problems with contractors’ workmanship (Crosbie & Baker, 2010). Faults and 
disputes are unexpected complications. Householders’ are often willing to tolerate 
surprising levels of disruption, but unexpected delays or complications can cause 
                                                     
1 Zero carbon in this case is defined as no carbon dioxide emitted through the combustion of fuels or 
otherwise to meet a dwellings space and water heating requirements. This has however been a 
controversial definition as it does not take account of embodied carbon dioxide or the carbon 
footprint of a heat source. 
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considerable stress (Vadodaria et al, 2010). Householders’ may also not expect to 
adapt their behaviour or learn how to use a new system.  
Prior to the undertaking of the refurbishment installation phase, the householder 
must engage with the refurbishment planning stage. Owner-occupiers represent 
63.1% of UK households (ONS, 2016); this has fallen in recent years but still 
represents the largest tenancy group. Furthermore, owner-occupied households 
were found to be performing less efficiently than social housing in 2015, in terms of 
energy efficiency ratings; 48% of social rented sector homes had a rating of A-C (up 
from 5% in 2005), yet 24% of owner-occupied homes had a rating of A-C (ONS, 
2017). However, owner-occupiers make their own decisions in relation to housing 
refurbishment. Variable levels of householder awareness have been considered to 
be the most difficult environmental and cultural barrier faced in the uptake of low-
carbon housing refurbishment (Davies and Osmani, 2011). 
Housing refurbishment is becoming increasingly demanding within the construction 
industry due to more emphasis on sustainability over the last decade (Juan et al, 
2009). The industry needs to shift from providing basic repair and renovations to 
installing up-to-date energy efficient technologies which are user-friendly and 
perform well. Refurbishments require more complex co-ordination than new 
buildings and the increasingly demanding targets add further complexity. 
Egan (1998) published a key report which set out five drivers for change for the 
whole of the UK construction industry which included a focus on the customer, a 
quality driven agenda and commitment to people (Egan, 1998). However, there 
have been few studies found on the customer experience of construction projects 
since. In Sweden in 2000, it was reported that whilst the quality of work in 
construction had been highlighted it was unusual to find housing refurbishment 
projects which had been carried out with a clear emphasis on the service provided 
for tenants (Holm, 2000).  
In over twenty years it is uncertain how much has changed as there is a lack of 
research on the UK owner-occupied householder perceptions of housing 
refurbishment, especially the installation of energy efficiency measures (Karna, 
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2004). Between 2004 and 2010, very little research exists on householder 
experiences of energy efficiency refurbishments specifically, but since 2010, there 
has been an increase in research on householder perceptions of the refurbishment 
(Banks and White, 2012; Chiu et al, 2012; Chiu et al, 2014), as detailed in Chapter 2. 
Recent research (Gupta et al, 2015) based on the Retrofit for the Future programme 
concluded that further research is required to understand householders’ 
experiences of the refurbishment process and understand how tolerance to 
disruption can be increased to allow for energy efficiency refurbishments. The 
present research contributes to this gap.  
1.3  Research questions and objectives 
The aim of this research is to identify whether energy efficient refurbishments of UK 
owner-occupied homes are successful from the householders’ perspective. The 
measure of success is based on a comparison of the householders’ refurbishment 
experience and the refurbishment outcome with their expectations, as detailed 
further in the objectives below.  Within the present study at least one of the 
following refurbishment measures are included: wall insulation (cavity and solid), 
window and boiler installations or replacements. In response to the aim, the 
following research questions were asked: 
RQ1. What are the householder expectations of an energy efficiency installation 
and what do they actually get?  
RQ2. Do the householders’ perceive a living environment improvement?  
RQ3. Do the householders’ actually save energy, carbon and money?  
In order to answer these questions, the following objectives were employed: 
O1. To identify the householders’ expectations of the energy efficiency 
refurbishment process. This will incorporate their understanding on the 
installations, their estimation of installation time and financial costs of the 
refurbishment measures, their knowledge of available measures, their expectations 
of the process of fitting and expected disruption. This will be later compared with 
the actual process.  
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O2. To ascertain what happens during the actual delivery process of the installation. 
This will cover the householders’ experiences throughout the process. Particular 
focus will be paid to the installation of the measures, time taken and cost, 
disruption or any additional unexpected factors experienced.  
O3. To evaluate and compare the quality of thermal environment comfort before 
and after the refurbishment. This will include the householders’ perceptions and 
quantitative measurements.  
O4. To establish whether the refurbishment meets householders’ expectations for 
energy efficiency, based on their perceptions (post-refurbishment insights), 
measurements (triangulate perceptions and modelling) and modelling (longitudinal 
insights). The long-term energy, CO2 and financial savings will be estimated using 
primarily modelled data. This will focus on the energy consumed for space heating 
by comparing usage before and after the refurbishment. The model will be 
compared with measured energy use data and qualitative comments. 
O5. Identify where the householders’ expectations are not met and where they are 
exceeded, to ensure householder satisfaction and help encourage future adoption. 
This will detail how the process of energy efficiency refurbishment can be improved 
to maximise the benefits to the householder; both perceived and actual.  
O6. Throughout the review of evidence, the duration of the study and the write-up 
stages, gain a deep understanding of the relevant policy to domestic energy 
efficiency refurbishment. Use this developed understanding to relate the 
householder experiences to surrounding policy mechanisms and recommend 
potential improvements. 
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1.4  Structure of the thesis 
The thesis is structured as follows: 
Chapter One introduced the research before providing the aim, research questions 
and subsequent research objectives which underpinned this enquiry. 
Chapter Two discusses the literature which informed the research questions. This 
explores the meaning of home, the householders’ perspective and user-centered 
design; the key themes of the thesis. The policy incentives for refurbishment are 
explored with a critique of recent mechanisms. This leads on to cover the potential 
pathways to meet an 80% reduction in CO2 emissions; in relation to process of 
sequence, the approaches to modelling, the performance gap and the impact of 
householder heating behaviour. Literature relating to the factors influencing 
householder comfort including thermal environment and acoustics are covered. The 
focus of the thesis in terms of success from the householders’ perspective is then 
discussed in relation to Retrofit for the Future literature. 
Chapter Three describes the methodological case study approach taken. The 
multiple qualitative and quantitative methods adopted are then outlined in terms of 
data collected from the householders’ and their home environment. Multiple 
methods provided a rich account of the perceptions, expectations, experiences and 
outcome of the energy efficiency refurbishments. The analysis techniques are 
detailed. The ethical considerations, research validity and pilot study methods are 
provided. The methods used during the three key phases are summarised. 
Chapter Four summarises the case study characteristics in terms of both the 
householder and their home. To gain insight into the participating householders’, 
their socio-demographic status is summarised and their environmental perspectives 
and behaviours outlined, according to the results from a brief survey. The data on 
the home collected during surveys and interviews includes quantitative descriptive 
data on the age and floor area. Qualitative data on location, archetype, construction 
details and space heating appliances are provided; the quantitative data on material 
properties and heating system efficiencies are later detailed in Chapter Seven. 
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Chapter Five provides the findings on the householder expectations and 
experiences of the refurbishment process, providing the main contribution to 
knowledge from this enquiry. This begins with pre installation stage covering 
motivations and householder research. Following this, installation stage is discussed 
in relation to tangibles such as costs, funding, time and the physical process of 
refurbishment. The experiences of the owner-occupied householders’ are explored 
including their perception of service quality, the levels of disruption they 
encountered and their comfort during the refurbishment process. 
Chapter Six explores the householder perceptions of comfort pre and post-
refurbishment. This begins with pre-refurbishment rankings of comfort and 
perceptions in the home. Following this, the householder pre-refurbishment 
expectations of comfort changes following the refurbishment are described, 
alongside the perceptions of comfort post-refurbishment. To support the qualitative 
findings, quantitative measurements of air temperature, air leakage and humidity 
are then provided. Insight into other factors affecting comfort including acoustics, 
which represents another key contribution to knowledge, is included. 
Chapter Seven considers the impact of the energy efficiency refurbishments on 
space heating energy demand. This exploration was primarily based on modelling 
using a version of the Government modelling tool: Standard Assessment Procedure 
(SAP) version 9.90, which was adapted to include measured mean monthly values of 
indoor and outdoor air-temperature and weather data. Measured data was 
compared with modelled estimates. The modelled results of space heating energy 
demand were used to extrapolate data on CO2 emissions and energy costs.  
Chapter Eight draws together the findings from each chapter discussion and 
conclusion to provide a response to the research questions underpinning this 
enquiry. Whilst energy efficiency improvements are successfully achieved and 
comfort improvements perceived, as supported by quantitative measurements, the 
experiences householders’ endure during the process of refurbishment requires 
urgent policy attention, positive industry response and further research. 
Chapter Nine concludes the thesis. 
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2. REVIEW OF EVIDENCE 
2.1  Introduction 
This chapter provides an overview of background literature relating to the energy 
efficiency of UK homes. This includes the potential benefits of energy efficiency 
refurbishment and relevant policy, the householders’ perspective and the process 
of refurbishment, and measuring the success of refurbishment outcome in terms 
space heating energy demand and physical comfort. The literature was reviewed 
using traditional methods of “systematically identifying, locating, and analysing 
documents containing relevant information” (Robson, 2011). The documents 
reviewed were primarily peer-reviewed journal papers, in addition to reports, 
Government department websites, books and articles. 
2.2  The home  
The concept of home is a complicated one, often representing more than a physical 
location but also a space which offers freedom and control, creativity, regeneration, 
intimacy and closeness (Chawla, 2015). People often use their home to define 
themselves through embellishing it with designs and artefacts, on the inside and out. 
UK residents spend over 70% of their time in homes, on average (Lader et al, 2006). 
To enable satisfaction within this home environment, and meet basic physiological 
needs, householder comfort is sought within this space.  In Maslow’s Theory of 
Human Motivation (1943), the first two essential human needs are physiological 
and safety, which the needs for thermal environment comfort, fit within. In 
countries with climates like that of the UK, a significant amount of energy is 
required for space heating. Outdoor temperature fluctuations affect monthly and 
annual energy demand statistics (BEIS, 2016a). 
The domestic sector accounts for the largest amount of energy use across the major 
UK sectors (Palmer and Cooper, 2013) and is responsible for 30% of annual CO2 
emissions in the UK (Harris et al., 2011). In 2012, space heating accounted for 53% 
of these emissions (EEDO, 2012) and 66% of energy use (DECC, 2013a). The 
difference between emissions and energy use is due to differences in carbon 
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intensity between typical space heating fuel and electricity production. At a 
household level this results in an estimated mean of 5,827kgCO2 per household per 
year (Firth et al., 2009). In 2008, the average floor area of all UK homes was 91m2 
(ONS, 2008), resulting in annual CO2 emissions of 64kgCO2/m2/year. The 2050 target 
to achieve an 80% reduction in CO2 emissions from each home (from average 1990 
levels) is 17kgCO2/m2/year (TSB, n.d.).  
2.3  The householder and user-centred design 
The householders’ are the occupants of a home. The focus in the present research is 
on owner-occupied householders’; in 2014, this group represented 63% of UK 
households. This fell from 66% in 1990, with a 70% peak in 2002 and the lowest 
recorded level at 55% in 1980, at the start of the ONS records (ONS, 2016). Despite 
the fluctuations, they remain the largest tenure group; in 2014, 19% of UK homes 
were privately rented, 10% housing association rented properties and 8% local 
authority social housing (ONS, 2016). Owner-occupied householders’ differ from the 
other key groups in rented accommodation because they usually make their own 
decisions in relation to housing refurbishment. Therefore, their individual choices 
impact the space heating energy demand of their own home and collectively, the 
quantities of CO2 emitted from the UK as a whole.  
Householders’ are the ‘users’ of their home. Therefore, this section explores some 
of the most relevant user-centred design (UCD) literature. UCD considers the user 
to be central to the designed system, service, or product (Gould & Lewis, 1985). 
Gould and Lewis (1985) described the theoretical principles of design, when 
considering users (in relation to computer systems) as early focus on users and 
tasks, empirical measurement and iterative design. These principles can be applied 
to domestic refurbishment projects through considering householders’, measuring 
the impact of refurbishment and assessing their experiences and then take those 
insights forwards to redesign and improvement.  
The householder experience of a professional energy efficiency refurbishment has 
been previously considered to include five main process stages; ‘research’, ‘pre-
installation’, ‘installation’, ‘post-installation’ and ‘ongoing’ (Holdaway et al, 2009). 
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The research stage encompasses motivations and decision making; the pre-
installation stage includes their appointing of a contractor and the preparation for 
work. The installation stage is the professional installation itself. The post-
installation stage includes the removal of waste from the area and any redecoration 
needed. Ongoing includes aspects such as annual gas servicing of boilers or regular 
maintenance.  Each stage is influenced by the refurbishment market. 
The refurbishment market is a service industry as it provides a service to a customer; 
the user. Customers evaluate service quality by comparing their perceptions of the 
service with their expectations (Robledo, 2001; Lewis and Booms, 1983), resulting in 
success where these are met. Gaining an understanding of these expectations is 
prerequisite in delivering an excellent service, as stated  by Robledo (2011) who 
used six instruments to measure service quality of three airline companies (Robledo, 
2001). According to Gould and Lewis (1985), to really understand users’ 
expectations, direct contact with them is needed, as this can lead to surprises and 
making assumptions on their needs can lead to user dissatisfaction. Domestic 
refurbishment installers’ are likely to meet householders’ during the pre-installation 
phase, providing an ideal opportunity to gain understanding of their expectations. 
Research on the service quality of UK domestic refurbishments is relatively sparse, 
despite a focus on the customer being one of five key drivers for industry change in 
the Rethinking Construction report of 1998 (Egan, 1998). This report was carried out 
by the Construction Task Force, set up following a deep concern that the industry is 
under-achieving in terms of meeting its own needs and that of its customers. The 
energy efficiency refurbishment market, as a fairly new market, has the opportunity 
to aid the industry in progressing to develop a stronger focus on the householder. 
In Sweden, based on a survey on tenants living in two semi-public housing estates, 
it was unusual to find housing refurbishment projects which had been carried out 
with a clear emphasis on the service provided for householders’ (Holm, 2000). 
However, there was strong link found between meeting the customers’ 
expectations and contractor reputation (Holm, 2000). Holm (2000) also surveyed 32 
contractors and found that there was a correlation between workers feeling well 
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informed, having regular contact with householders’ and receiving feedback about 
their quality of work (Holm, 2000). This illustrates the importance of careful 
consideration to contact and communication between householders’ and installers’. 
Research in Norway by Risholt and Berker (2013) based on case study interviews 
with 11 Norwegian privately owned single family houses built between 1980-1990, 
gathered data including refurbishment experiences and also found that 
communication, conduct and workmanship of installers’ can have a large impact on 
the householders’ perceptions of energy efficiency refurbishments (Risholt and 
Berker, 2013).  
Furthermore, installers’ have been found to be the most common provider of 
information to householders’, from an empirical study of 1000 householders’ in 
Germany (Steiss and Dunkelberg, 2013); the next most common informants were 
colleagues or friends. Where people turn for information determines their 
knowledge of the available measures, the potential benefits of the measure and the 
potential risks of installing a measure (Nair et al, 2010). Research reported by the 
Westminster Sustainable Business Forum (WSBF) (2016) supports this and found 
that advice and information are an important part of increasing domestic energy 
efficiency and criticised the promotion of energy efficiency improvements in the UK 
to date which has generally had a narrow focus on energy bill savings. This view is 
supported by Fawcett (2013) who aimed to identify the policy gaps regarding 
energy efficiency domestic refurbishment and found that most policy focuses on 
reducing cost to householders’ but there is lack of attention given to other barriers 
such as a lack of information, motivation or trust in professionals.  
Where communication fails, or workmanship is below expectations, this can lead to 
dissatisfaction. Research based on 50 in-depth interviews with householders’ who 
participated in one of four domestic energy efficiency interventions found that 
householders’ can develop negative attitudes towards a refurbishment experience 
due to technological faults or internal disputes leading to problems with 
contractor’s workmanship (Crosbie and Baker, 2010). Such experiences could 
discourage friends and family from planning a similar refurbishment.  
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Domestic refurbishment is complex and this can contribute to the challenges with 
communication between installers’ and householders’, in addition to disruption, 
workmanship and time management. Owner-occupier householders’, face 
particular challenges including conflicting demands on their use of time and 
financial resources and their role as the decision-maker for their energy efficiency 
refurbishment (Haines and Mitchell, 2014). This may lead to their communication 
with installers’ being rushed, or their budget creating barriers to choosing what they 
would entirely satisfied with, as compromises may need to be made. A study by 
Juan (2009) in Taiwan proposed a systematic decision support approach to solve 
refurbishment communication problems. Juan (2009) suggests that when 
householders’ select contractors based on their personal needs this should lead to a 
greater satisfaction of the whole process. The research included five key factors 
which can be used to assess householder satisfaction based on their experiences of 
refurbishment, and with installers’: tangibles (product, workmanship, cost and time) 
empathy (understanding customer needs), reliability (do they do what they say they 
will?), responsiveness (to customer queries) and assurance (to the customer) (Juan, 
2009).  
Furthermore, irrelevant of quality of the final refurbishment, the process is 
disruptive to everyday life. Research based on interviews with nine householders’ in 
their own home on energy-efficient technology installation, found that any 
potential disruption of a household’s everyday life due to the installation of an 
energy efficiency technology can lead to dissatisfaction with that product, and even 
the home as a whole, potentially leading to lower than expected energy savings 
through miss-use of the technology (Lees and Sexton, 2013). 
Disruption through dust and noise is a common theme in the few pieces of research 
found on householder experiences. One example is by Bates et al. (2012), who 
studied the householder experiences of the installation of external wall insulation 
on high-rise flats in London. The householders’ reported the work to be 
unexpectedly noisy during drilling. This finding was supported by Banks and White 
(2012) who found noise during the refurbishment process was a factor of disruption. 
The research carried out by Bates et al. (2012) also found the scaffolding which was 
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installed for two years against a high-rise block of flats caused safety concerns to 
the residents who reported trespassers “roaming around on the scaffolding at 
night”. This led to householders’ choosing to keep windows closed when they 
would usually leave them open at night. This may have had a consequence on 
feelings of ease within the home environment, in addition to air quality within the 
home for such residents. 
Banks and White (2012) found that experiences were not just a factor of what 
happened but also related to their expectations and understanding of the nature of 
work involved; previous experience of building works; tolerance; and whether they 
considered disruption to be unnecessary and avoidable or inevitable and acceptable 
(Banks and White, 2012). Dissatisfaction with the experience appeared to be 
reported by those who considered the disruption to be avoidable, e.g. installers’ not 
tidying up at the end of the day. Despite the disruption reported by householders’, 
the study found that disruption was not a key barrier to uptake since each 
householder went ahead with the measures. It is worth noting that for this 
particular study, cost was eliminated for householders’, as the measures were 
funded by the research project, which may have skewed the householders’ 
perception disruption since their personal research into the work and processes 
required may have been less than that of a householder paying for their own 
refurbishment. 
Taking a moment to consider the initial householder motivations, research based on 
interviews with 20 households within a PhD study which aimed to understand the 
relevance of user-centred design in research and development of energy efficiency 
refurbishment found that 20 wanted a home which is comfortable to live in, 19 
wanted to change the space in the home, 15 households wanted an efficient home, 
15 needed to repair the home and 15 wanted a home which is nice to look at 
(Mallaband, 2013). However, the key relevant barriers to not refurbishing were 
householders’ values & preferences (n=14), cost (12), poorly skilled 
installers’/professional (10), time (10), property features (10), life stage (9), 
attitudes to older houses (8) and perceived difficulty (8). Disruption was only a 
   29 
 
barrier for four households. However, perceived difficulty received eight mentions 
by householders’. 
Householders’ may find the idea of carrying out an energy efficiency refurbishment 
exciting and a novel challenge, or they may find it a source of anxiety, depending on 
their personal capacity to embark on such a project (Haines and Mitchell, 2014; 
Mallaband, 2013). Personal capacity can include self-belief. This is considered within 
Motivational Systems Theory developed by Ford (1992), which defines motivation 
as organised patterns of three psychological functions that direct, energise and 
regulate goal directed activity consisting of personal goals, emotional arousal 
processes and personal agency beliefs. The theory was designed with an intention 
of addressing real world problems with an accessible theory, particularly in 
academic achievement (Ford, 1992). Encompassing self-belief in a motivation model 
seems sensible, particularly in relation to technical challenges such as energy 
efficiency of the home. 
Where personal capacity or self-belief is limiting, this can lead to procrastination 
and necessary repairs building up over time, until they reach a threshold of 
tolerance as defined by Earl and Peng (2011). Policy to incentivise energy efficiency 
refurbishment can target market segments, separated by factors such as socio-
demographic variables including age, gender, income and location or even 
psychographics (Wells, 1975). Psychographics may include lifestyles, values and 
decision-making variables. However, based on research by Pruitt & Adlin, (2006), 
personas can encompass a similarly wide range of variables, but be based on rich 
qualitative data from a small sample, to aid decision making. This led to Haines and 
Mitchell, (2014) undertaking a study within the CALEBRE project, involving 33 
participants in 20 households from a wide range of family structures, income levels 
and social statuses. The data were collected from adult household members using a 
semi-structured set of questions and novel timeline tool in which participants were 
encouraged to use participative storytelling methods. This focus on past 
experiences appears particularly valuable, when considering personal capacity. In 
addition, past experience aided householders’ in expecting disruption, within the 
study by Banks and White (2012).  
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The data collected by Haines and Mitchell (2014) during this process was used to 
develop a set of personas, intended to inform policy and technology developers. 
These represented archetypal attitudes and motivations; difficulties relating to 
making home improvements, how homeowners go about making the 
improvements and of these attitudes and barriers result in opportunities and 
barriers to refurbishment. The developed set of personas demonstrates the variety 
of motivations and goals, held by owner-occupiers, for which many are not 
motivated by ‘energy saving’, but may be incentivised to undertake refurbishments 
under other policy incentives.  For example, The Affluent Service Seeker’ is likely to 
be open to external wall insulation (EWI) and the benefits it brings, particularly to 
thermal comfort and the value of the home, but may be less motivated to save 
energy. This persona group is likely to want a complete package from one supplier, 
including preparation, repainting and restoration of items such as guttering, but 
have little tolerance for unplanned disruption, as they expect a good service and do 
not mind paying for it. The policy implications for this include a recommendation 
that accredited suppliers (or installers’) must be skilled to supply a range of services 
to provide a seamless one-stop shop, offer a variety of wall finishes, promote 
comfort and property value increase benefits and penalties could be applied if the 
EWI is not fitted to an agreed time plan. However, for ‘Stalled Starters with a Lack of 
Finance or Pressure of Life’, government policies offering 100% finance would be 
needed, or further measures to assist them to move out of this persona type 
(Haines and Mitchell, 2014). 
2.4  Policy incentives for energy efficiency refurbishment 
Domestic energy policy stretches over numerous Government departments. Up 
until July 2016, these included the Department of Energy and Climate Change 
(DECC), the Department for Communities and Local Government (DCLG) and HM 
Treasury. In July 2016, DECC became part of the Department for Business, Energy & 
Industrial Strategy (BEIS) (DECC, 2016). The key priorities of the Department for BEIS 
are “to develop a comprehensive industrial strategy; continuing to ensure the UK 
remains at the cutting-edge of science, research and innovation; tackling climate 
change; and ensuring affordable, clean and secure energy supply for the UK” (BEIS, 
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2016b); key priorities for DECC were “to make sure the UK has secure, clean, 
affordable energy supplies and promote international action to mitigate climate 
change” (DECC, 2016). Domestic energy efficiency policy to date has been created 
outside of BEIS and will from here be most likely created within BEIS, which could 
create a positive opportunity for future energy efficiency policy. 
The 2008 Climate Change Act requires a 34% cut in 1990 greenhouse gas emissions 
by 2020 and at least an 80% cut by 2050, and it would be impossible to meet these 
targets without reducing emissions from homes (Palmer and Cooper, 2013). In 2012, 
DECC stated that they hope a minimum of two thirds or 68% of the targeted carbon 
reduction will be achieved through professionally installed insulation measures, 
which should provide long-term reductions (DECC, 2012a). The key UK domestic 
energy efficiency policies, to date, are shown in Table 1. 
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Table 1. Energy efficiency policy to date 
Dates Scheme Description 
2014 to 
present 
Renewable Heat 
Incentive (RHI) 
The domestic RHI rewards households for using renewable energy 
sources to heat their homes. 
 
2015-
present 
Energy Company 
Obligation 2 
(ECO2) 
This followed ECO1 (detail below) and was intended to build upon 
some of the recognised technical failures of ECO1. 
2013 to 
2015 
Energy Company 
Obligation 1 
(ECO1) 
Intended to replace CERT and CESP; focused on three main themes: 
Carbon Emissions Reduction Obligation (primarily focusing on solid-
walled properties); Community Obligation (focusing on areas with 
low income); and Home Heating Cost Reduction Obligation 
(focusing on low-income and vulnerable households). 
 
2013 to 
2015 
Green Deal A finance programme which allowed homeowners to take out a 
loan to cover the costs of energy efficiency refurbishments. The 
Golden Rule set out that the energy savings should be equal or 
greater than the cost of installation. 
 
2011 to 
2014 
Renewable Heat 
Premium 
Payment (RHPP) 
Homeowners applied for a single payment to assist with installing 
renewable heating technologies, administered by the Energy Saving 
Trust. 
 
2010 Feed in Tariff Energy suppliers pay a tariff to households for each kilowatt-hour 
of electricity generated by renewable or low-carbon technologies 
and exported back to the grid. 
 
2000 to 
2013  
Warm Front 
Scheme 
These scheme provided grants, to the most vulnerable households 
in England, for insulation and heating measures. 
2008 to 
2012 
Carbon Emission 
Reduction Target 
(CERT) 
 
This followed the Energy Efficiency Commitment (EEC). 
2009 to 
2012 
Community 
Energy Saving 
Partnership 
(CESP) 
 
An obligation which was placed on energy companies to achieve a 
19.25 million tonne reduction in lifetime CO2 emissions through 
energy savings measures provided to the most deprived areas of 
the UK. 
2005 to 
2008 
Energy Efficiency 
Commitment 2 
(EEC2) 
 
 
2002 to 
2005 
Energy Efficiency 
Commitment 1 
(EEC1) 
 
EEC1 ran from 2002-2005 and EEC 2 ran from 2005-2008 (Palmer & Cooper, 2011). 
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The RHI, FIT and RHPP are all part of a wider Government programme that aims to 
supply 15% of the UK’s energy demand through renewable energy sources. Under 
the 2010 European Energy Performance of Buildings Directive (EPBD), EU countries 
must set a minimum energy performance requirement for the refurbishment of 
building elements or the major refurbishment of buildings. The EPBD also requires 
that energy performance certificates must be included in all advertisements for the 
sale or rental of buildings; in the UK these certificates are produced as a result of 
the SAP assessment and contribute to householder awareness of energy efficiency. 
The most recent policy mechanisms impacting the owner-occupied householder 
experience of energy efficiency refurbishments were the Green Deal and the Energy 
Company Obligation (ECO), which were complimentary to one another. The Green 
Deal ended in July 2015 and the ECO2 (followed ECO1) scheme ran until March 
2017. The mechanisms of the Green Deal and ECO schemes aimed to “address 
market failures and barriers and hence drive demand for cost-effective energy 
efficiency measures” (DECC, 2012b). As such The Green Deal, funded by the Green 
Deal Finance Company, aimed to provide access to capital, resolve mismatched 
incentive problems and provide a trustworthy framework of advice, assurance and 
accreditation for the energy efficiency supply chain (DECC, 2012b). The ECO, funded 
through energy companies, aimed to provide support for measures which were not 
able to be fully financed through the Green Deal and provide subsidised measures 
to low income and vulnerable households to “relieve fuel poverty” (DECC, 2012b). 
Overall, the schemes aimed to encourage uptake of more costly measures, with 
longer payback periods than those delivered previously. Combining the policies 
planned to encourage competition amongst Green Deal providers to increase 
uptake.  
 
The amount of money which could be borrowed within the Green Deal finance 
mechanism was determined by The Golden Rule. This was a consumer protection 
mechanism which ensured the amount of money borrowed is not greater than the 
estimated bill savings resulting from the installation of Green Deal measures, over a 
specified amount of time (DECC, 2012b). The method of assessing the potential 
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energy savings resulting from energy efficiency measures adopted under The Green 
Deal was The Green Deal Occupancy Assessment (GDOA), which provided a report 
including energy efficiency measures for the householder, with estimated savings 
(DECC, 2014a). Trained Green Deal Advisors (GDA’s), who were also required to be 
qualified Domestic Energy Assessors were the only authorised persons to carry out 
the GDOA, which would form part of the Green Deal report provided to the 
householders’ who could then choose to find a Green Deal Provider (GDP) to obtain 
a quote for the installation of the recommended package of measures through a 
finance plan.  
The GDOA data were based on how householders’ used energy in the home and 
included the number of householders’, main heating system used, secondary 
system used, number of heated or partially heated rooms and energy behavioural 
information on energy use. These data were collected during an interview/survey 
led by the GDA with the householder and entered into the Green Deal (GD) 
software. The software would retrieve the EPC data to calculate the energy savings 
for selected measures, which was lodged onto the GD register and provided to the 
householder in the GDAR which included a generic list of recommended measures 
suitable for their home. If the householders’ then decided to go ahead with the 
package of measures listed in the GDIP and made an agreement with the GDP, the 
GDP then organised the GD finance package to pay for the work and for a registered 
GD installer to undertake the work (DECC, 2014a). 
Under ECO, estimates for savings on CO2 emissions and energy bills were required 
to be calculated with either SAP or RdSAP, however, in cases where this was not 
possible, energy companies could then apply for an appropriate methodology 
(Ofgem, 2015). As a result one methodology was submitted due to estimating 
savings for multi-occupancy premises and the Simplified Building Energy Model 
(SBEM) could be used to calculate savings. Overall, up to March 2015, 1.3% of 
measures were scored using SAP and 98.7% were scored using RdSAP with 0.0004% 
using SBEM (Ofgem, 2015). The ECO does not include an occupancy assessment and 
predicted savings are less accurately considered than the Green Deal, this appears 
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to due to the Green Deal incorporating the Golden Rule for consumer protection 
when borrowing money. 
The Green Deal was brought to an end on July 23rd 2015, due to “low-take up and 
concerns about industry standards” (DECC, 2015a). In its first year during 2013; 
129,842 Green Deal assessments were carried out (DECC, 2014c); 0.5% of the UK 
housing stock (Pettifor et al, 2015), but approximately 1 in every 100 assessments 
resulted in a Green Deal financing plan being pursued (Pettifor et al, 2015). The ECO 
scheme continued since it delivered 97% of UK home improvements from 2013-
2015 (DECC, 2014b). 
The Green Deal received criticism following analysis of the reasons for failure and 
underlying politics that eventually led to the effective policy termination, which 
found it was not designed to suit the available evidence on consumer behaviour, or 
created with the low-interest loans earlier pilot studies found it needed (Rosenow 
and Eyre, 2016). The National Audit Office (NAO, 2016) found that the Green Deal 
did not provide value for money and the ECO whilst continuing to run has been 
found to add to energy supplier’s costs to meet their obligations. The schemes led 
to substantially lower savings than previous energy supplier obligations, partly due 
to the current available options since many low-cost measures were already 
installed (NAO, 2016). According to the National Audit Office (2016) at the end of 
2015, 12 million homes still existed which still had uninsulated cavity or solid walls. 
Further to this, the Green Deal scheme appeared to attract and be undermined by 
opportunistic scam organisations, as reported by Citizens Advice (CA) a consumer 
advice charity who reported that seven in 10 queries to Citizens Advice about the 
Green Deal are about scams (CA, 2014). As a result of which CA recommended a 
ban on cold calling and doorstep selling of schemes such as the Green Deal to 
protect consumers from such scam organisations. This opportunity may have been 
presented due to a relatively new approach in targeting households for energy 
efficiency refurbishment measures, thus creating a new UK energy efficiency 
refurbishment industry. 
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It is worth taking a moment to consider that despite low-uptake of measures, by the 
end of August 2013, 72% of people surveyed would recommend a Green Deal 
assessment to a friend and 81% of people who received a Green Deal Advice report 
said they had either installed or intended to install energy saving measures (DECC 
2013b). However, the energy saving measures may include low or no cost measures. 
In an article of the Green Deal assessment experience by one Guardian columnist 
who had apparently also received a standard SAP assessment, the Green Deal 
assessment was found to be much more useful (Vaughan, 2014) as it took into 
consideration householder energy behaviour. Therefore, the assessment process of 
the Green Deal appears to be a positive advancement in energy efficiency 
refurbishment planning.   
Research on ECO success have focused on both the customer journey (DECC, 2014b) 
and the technical performance of measures installed (NAO, 2016). A study on the 
ECO customer journey, which combined surveys of 468 randomly selected 
households (76% owner-occupied), plus a boost of 103 surveys with households 
who had SWI installed, and in-depth semi-structured interviews with purposively 
selected households, who received ECO-funded measures in September 2013. 47% 
were motivated by saving money, 45% sought a warmer home and for 44% the 
offer of free or reduced home improvements was a key motivator, with 59% stating 
they had never considered installing the measure they went on to receive before 
ECO (DECC, 2014b). However, DECC enabled suppliers to meet their obligations with 
cheaper measures under ECO, moving away from the focus on solid-walled 
insulation measures (NAO, 2016). As a result suppliers have met their obligations 
for saving CO2 emissions and reducing bills, with an estimated £6.2billion estimated 
notional lifetime savings made on energy bills by the end of 2015 (NAO, 2016).  
The technical performance of measures reflected the quality of installation and 
energy companies were obliged to commission technical inspections of 5% on all 
ECO funded installations, and where they failed the energy companies were obliged 
to remedy the failure and have a second inspection on that property. As a result 
almost 25% failed between July and September 2013, reducing to around 12% 
between October and December 2013 then steadily increasing to around 17% 
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between January and March 2015 (Ofgem, 2015); of the total 9,963 that failed, 75% 
were remedied and passed second time (Ofgem, 2015). The failures resulted in 
estimations of savings adjusted (net increase in CO2 of 850tCO2 for CERO, a decrease 
of 6,519CO2 for CSCO and a decrease in cost savings of £1,287,371 for HHCRO). An 
improvement to the technical monitoring and audit rates throughout ECO was 
made and the lessons learnt used to improve ECO2 (Ofgem, 2015).  
2.5  Energy efficiency refurbishment pathways  
The importance of improving the energy efficiency of UK housing stock, which is the 
oldest and most in-efficient throughout Europe (Boardman et al. 2005), is agreed 
amongst academics (Boardman et al. 2005, Lowe, 2007). However, a number of 
different approaches are envisioned to achieve this goal. Following analysis of 
policies and statistics in relation to trends in household numbers, energy services, 
the carbon intensity of centrally-supplied fuel and the cost of fuels, Boardman et al 
(2005) recommended that a substantial programme is necessary to upgrade the 
efficiency of the stock, applying new building regulation standards, applying 
refurbishment measures where possible and demolishing the worst performing 
houses (Boardman et al. 2005).  
However, following a qualitative exploration of the technical options and strategies 
Lowe (2007) recommended that increased demolition rates may be unnecessary to 
achieve deep cuts in carbon emissions from homes, if the available measures are 
applied to reduce CO2 emissions resulting from domestic space and water heating in 
addition to synergies made between the energy supply transmission, distribution 
and end-use (Lowe, 2007). One example provided of a way to achieve this was 
through the adoption of heat pumps or combined heat and power units coupled 
with the decarbonisation of electricity.  However, if space and water heating 
continue to be supplied by gas boilers, it was recognised that higher rates of 
demolition may result in reduced CO2 emissions. This perspective was shared by 
Boardman et al (2005) who reported that in theory, if provision of sufficient 
‘carbon-free’ energy sources were made (through nuclear and renewable energy 
technologies), energy use could continue at previous levels, or even increase whilst 
still reducing CO2 emissions, but this was considered unlikely. If we are to avoid the 
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demolition pathway, and successfully achieve deep cuts in carbon emissions, Lowe 
(2007) emphasised the importance of developing policy for this sector to create 
synergies between building fabric improvements, decarbonisation of the electricity 
system and application of energy-conversion systems. Policies relating to these aims 
and in relation to energy efficiency refurbishment of owner-occupied homes will 
have an impact on individual householders’ and are likely to require their input in 
terms of planning, decision making, funding, time and tolerance of disruption. 
2.5.1 The process and sequence of energy efficiency refurbishment 
The choice and order in which refurbishment measures are applied impacts their 
potential savings. Previous research which comprised a qualitative evaluation of the 
experience of 11 fuel poor households receiving solid wall insulation, recommended 
that energy efficiency schemes are designed such that the most cost-effective 
measures are applied in sequence; in addition, the order should make sense from a 
practical perspective, for example, replacing windows when installing with external 
wall insulation or fitting radiators at the same time as internal wall insulation and 
such (Banks and White, 2012). Recommendations such as this, whilst making 
practical sense, will also impact on the cumulative CO2 emissions of a property over 
time. 
To further consider the impact of the sequence and timing of measures installation, 
research which comprised of interviews conducted with householders’, in addition 
to dynamic thermal modelling (using Integrated Environmental Solutions (IES) 
Virtual Environment) using five sequence options, showed that a whole-house 
refurbishment would reduce cumulative CO2 emissions over 25 years by 54%, yet 
piecemeal sequences would lead to savings of between 42% and 24% Simpson et al 
(2016). This research connected the findings reported earlier by Haines and Mitchell, 
2014) in which a set of personas were created. Following the whole-house 
refurbishment, the functional pragmatists had the highest cumulative CO2 
emissions at the end of the 25-year period, despite achieving the lowest annual CO2 
emissions by the end of the period, due to the wide spread between measures 
installed at year 2 and year 20. The lowest cumulative measures were achieved by 
the service seekers who had reached a point in their life where they could afford to 
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invest in their home and install relatively expensive measures such as double glazing 
and wall insulation, before moving in. The research also found that delaying 
installations can lead to higher cumulative CO2 emissions over 25 years, even when 
the final efficiency standard equals another which was completed three years 
earlier.  
Conversely, Fawcett (2013) who used householder survey and qualitative data as 
well as the timescales that typically apply to housing, refurbishment and 
homeowners, found that over-time refurbishment could be attractive to owner-
occupied householders’ and enable a 60% reduction in CO2 emissions, if policy were 
designed to assist this. These conflicting pieces of literature provide some insight 
into the challenges in designing effective energy efficiency policy which meets 
householder demand, minimises disruption and ensures targets are met.  
Encouragement on the inclusion of energy efficiency refurbishment in all types of 
refurbishment work, has been suggested by Pettifor et al (2015), who examined the 
impact of the Green Deal through questioning 502 households four months prior to 
and seven months following the initial Green Deal launch. However, whilst this 
would increase the opportunity to refurbish, it may still encourage a piecemeal 
approach as opposed to a radical transformation of UK owner-occupied homes. If 
only shallow energy efficient refurbishment is undertaken, behaviour change can 
increase energy consumption. However if deep improvements in heat loss and 
efficiency are made energy consumption should decrease irrespective of 
householder behaviour, according to a PhD study on the interactions between 
householders’, heating systems and building fabric in the context of energy 
efficiency refurbishment (Love, 2014). 
2.5.2 Potential for energy demand reduction according to modelled data 
There is a number of domestic energy modelling tools which could be employed to 
provide numeric values to heat demand. Some models focus on individual homes 
(e.g. Standard Assessment Procedure (SAP) and Integrated Environmental Solutions), 
some the whole UK housing stock (e.g. Community Domestic Energy Model (CDEM)). 
However, both the SAP and CDEM models are based on the Building Research 
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Establishment Domestic Energy Model (BREDEM), which is a monthly calculation 
methodology to estimate the energy consumption of a home based on its individual 
characteristics (Henderson and Hart, 2013). The model allows calculation of a 
home’s specific heat loss, thermal mass, mean internal temperature, heat gains, 
solar gains and space heating energy consumption, in addition to electrical and hot 
water energy consumption, electricity generation and cooling demand.  Parameters 
such as internal temperature and solar gains vary between months; requiring a 
monthly calculation methodology. The model complies with the principles of British 
Standard ENISO13790: Energy performance of buildings (Henderson and Hart, 2013) 
With regard to the typical measurement of the energy efficiency of a UK home, the 
Standard Assessment Procedure (SAP) is the method employed by the Government 
to assess and compare the energy and environmental performance of UK homes 
(DECC, 2014a). The purpose of SAP is “the assessment of the energy performance of 
homes in the UK to help meet energy and environmental policy objectives and for 
regulation” (SAPSIG, 2012). It was first developed in 1992 as a tool for the former 
Department of the Environment to help deliver its energy efficiency policies and has 
been further developed since. The 2009 version of SAP was updated by the 2012 
version to underpin the 2013 Amendment to Part L of the Building Regulations for 
England and Wales (DECC, 2014a). One output, based on the calculation of physical 
and empirical relationships, is a SAP rating of 1 to 100 with 100 being optimum 
efficiency and 0 being highly inefficient. In 2014 the mean SAP rating of owner-
occupied homes was 59.7, which was identical to the private rented sector. 
However, the mean rating for social housing was 65.6, and 67.1 for housing 
association homes (ONS, 2016). This difference is largely due to much previous 
energy efficiency refurbishment policy aimed at the social sector, rather than 
owner-occupied and private rented sectors. 
Modelling work undertaken by Firth and Lomas (2009) used the Community 
Domestic Energy Model (CDEM), based on BREDEM-9 (version 9). The modelling 
process and calculations led to outputs, for each of 47 archetypes of UK homes to 
create the following savings estimates per measure installed: 15% for cavity wall 
insulation, 18% for upgrading boilers to efficient condensing gas boilers and 30% for 
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replacing single glazed windows with double glazing; resulting in the potential to 
reduce overall emissions by 41% (Firth and Lomas, 2009). The largest saving 
modelled was from a combination of insulation measures, double glazing, 
condensing gas boilers and water heating interventions. Further modelling by Firth 
et al (2009), found space heating to be most sensitive to heating demand 
temperatures, followed by length of heating periods, house size, floor area, then 
gas boiler efficiencies and U-values (fabric performance and thermal conductivity). 
The study carried out sensitivity analysis on building energy model inputs to target 
energy efficiency measures to households.  
An earlier study Johnston et al (2005) found that by taking the refurbishment 
process further and making a significant shift in practices, perhaps by the elaborate 
networks highlighted previously, it is technically possible to reduce total household 
CO2 emissions by more than 80% by 2050 through the addition of energy efficiency 
refurbishment measures.  This research was based on scenario assumptions; 
‘business as usual’, ‘demand side’ and ‘integrated’, in each it was assume that 
householders’ would heat to 21oC. In the scenario of business as usual case, no 
major changes were assumed for energy efficiency policy since 1996, the demand 
side scenario this builds upon the business as usual scenario but includes a future 
where more stringent legally binding EU CO2 emission reduction targets are 
developed, the ‘integrated’ scenario represents integration of both the energy 
supply and demand side of UK housing stock.  
The ‘business as usual’ scenario reported by Johnston et al (2005) assumed 80% of 
pre-1996 cavity walls will be insulated by 2050, 10% of pre-1996 solid walls, all pre-
1996 glazing replaced at least once by 2050 building regulations wall and window u-
values to fall systematically resulting in 0.15W/m2K for walls and 1.0 W/m2K for 
windows by 2025, in addition and air leakage rates introduced into the Building 
Regulations and decreasing to 1.0ac/h@50pa by 2025; indoor temperatures to 
saturate at 21oC, central heating systems to operate with an average seasonal 
efficiency of 88% by 2050 and the adoption of efficient lights, electrical appliances 
and cooking appliances. The ‘demand side’ and ‘integrated’ scenarios both assume 
that all pre-1996 cavity walls and all uninsulated solid walls are insulated by 2050, 
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all glazing replaced at least once by 2050, 30% of homes undergo air leakage work 
and building regulations lead to systematic decreases in U-values to 0.15W.m2K for 
walls and 1.5W/m2K  to windows by 2010, with air leakage rates being introduced 
and targeted to achieve 1ac/h@50pa  by 2010, in addition all homes to be fitted 
with a gas-fired condensing boiler with a  minimum seasonal efficiency of 91% or an 
electrically driven heat pump with a seasonal efficiency of 230%, lights and 
appliances would all be high efficiency, maintaining an indoor air temperature of 
21oC. As a result a 37% reduction in CO2 emissions was estimated within the 
‘business-as-usual’ scenario, 61% under the ‘demand side’ scenario, 67% under the 
‘integrated’ scenario and 83% if a significant proportion of gas-fired space heating 
systems are replaced by electrically driven heat pumps.  
The difference in model estimates of potential savings between the studies of Firth 
et al (2009) and Johnston et al. (2005) is likely to be due to the purpose of the 
studies; Firth et al. (2009) used a model to predict savings to make 
recommendations on which measures to prioritise in making cost-effective 
reductions in CO2 emissions; Johnston et al. (2005) used a model to assess the 
technical feasibility of achieving 60% reductions in CO2 emissions. A later qualitative 
review of the technical options available (Lowe, 2007), recommended that 
reductions of at least 50% in both solid and cavity-walled homes are possible, but 
excluding those of high heritage value, which would lead to a lower overall CO2 
emissions reduction. Properties of high heritage value which are either listed, or 
sited within a conservation area; usually older buildings,  have restrictions on the 
changes which can be made, either planning permission from a local authority, or 
consent from a relevant advisory body is usually needed (HE, 2016) and proposed 
plans may be rejected. However, this later review also reported that older solid-
walled homes are likely to achieve higher energy efficiency standards than newer 
cavity-walled homes, when insulated (Lowe, 2007).  
It has been estimated by Davis and Oreszczyn (2011) that to meet an 80% reduction 
in CO2 emissions by 2050 we would need to achieve almost ‘zero carbon1F2’ standards 
                                                     
2 Zero carbon in this case is defined as no carbon dioxide emitted through the combustion of fuels or 
otherwise to meet a households space and water heating requirements. This has however been a 
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through the addition of energy efficiency measures to 25million UK homes. The 
deciding factor of the level of savings targeted comes down to the ambition of 
householder choices and policy incentives. Johnston et al (2005) recommended that 
if the greater reductions are targeted this will have significant implications for UK 
energy policy. It was recognised that whilst it is possible to make in excess of an 80% 
reductions, this would require a remarkable shift from current practices and 
considerable alterations to the supply and demand side of our energy system 
(Johnston et al., 2005). Current practices in relation to housing refurbishment relate 
to policies, building regulations and consequently the refurbishment market itself. 
2.5.3 The performance gap  
The models mentioned within this review assist in predicting savings and designing 
policies to target savings. However, there is also a performance gap as modelled 
energy savings often differ from actual achievements in new build homes and 
refurbishments alike.  
An example of a new-build project, in which research aimed to evaluate the extent 
to which the energy and carbon performance of such schemes meet design 
predictions; evaluate the impact on performance of the design and construction 
processes used and understand the influence on performance of the interactions 
between residents and their homes; which could all be applied to refurbishment, 
was by Bell et al. (2010). The study was undertaken between 2007 and 2009 on Elm 
Tree Mews (Bell et al. 2010). This was ahead of planned progression in standards to 
Part L of the Building Regulations and the previous target that all new build homes 
would achieve zero carbon operational energy use by 2016, This was a scheme set 
out by the Joseph Rowntree Housing Trust (JRHT) to be an exemplar of “21st Century 
Suburban Homes” providing four affordable high-quality houses and two flats (one 
duplex) for both sale and rent. The study by Bell et al. (2010) incorporated extensive 
examination of energy use, the living environment and triangulation of data with 
householder experiences. This included measured energy and carbon use pre and 
                                                                                                                                                      
controversial definition as it does not take account of embodied carbon dioxide or the carbon 
footprint of a heat source. 
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post occupation to allow in-use performance and resident experience to be 
captured.   
The predicted energy use and CO2 emissions for all dwellings was 6,300kWh or 2.7 
tonnes CO2 per year, but the actual performance was 15,000kWh or 6.4 tonnes CO2 
per year (Bell et al., 2010). Whole-house heat loss, attributable to fabric losses 
through conduction, convection and radiation were 70% higher than modelled 
predictions. This was due to both design and construction process factors which 
underestimated the amount of timber in the walls and roof (23% of the difference); 
did not fully account for thermal bridging at junctions and openings et c. (25%); did 
not account for heat loss via thermal bypass within the party walls (30%) and did 
not maintain window performance when a change of supplier occurred (21%). Air 
leakage was found to be a mean of 7m3h/m2, which was above the original designed 
target of 3m3h/m2, leading to 50% more heat loss via air leakage than planned. The 
communal ground source heat pump did not achieve the expected performance. 
The solar thermal systems met expected design targets but challenges occurred 
with plumbing including installation difficulties including leaks, control issues, 
incorrectly positioned sensors and kinks in the pipework.  
Using similar methods to the Elm Tree Mews study (Bell et al., 2010), a similar study, 
based on the refurbishment of one semi-detached home in York (Temple Avenue) 
was published as the Government prepared for the launch of the Green Deal. The 
aim was to bring it to the enhanced energy and carbon standard of JRF and JRHY’s 
neighbouring new-build prototype houses. The refurbishment consisted of two 
stages, one consisted of standard repairs and energy saving measures that are 
within the scope and budget of an ordinary householder (£18,250), and the second 
a more radical refurbishment aiming to achieve much higher energy performance, 
but entailing higher costs (£18,250 +£37,750) and levels of disruption, probably 
requiring decanting. Prior to the refurbishment, the research team assessed the 
performance of the existing houses during 50 site visits between July 2009 and 
March 2010.  
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The data collected included a measured survey, visual inspection, thermograms, air-
pressurisation tests, coheating testing, heat flux measurements and borescope 
investigation and modelling using SAP.  The predicted thermal performance 
(341.1W/K) was reasonably accurate but underestimated the actual performance 
(324.7W/K) of the dwelling pre-refurbishment due to limited knowledge of the 
construction. However, the improvements to the thermal performance during the 
standard refurbishment were overestimated, with the predicted reduction of 
102.7W/K and the measured being 75.5W/K through the addition of cavity wall 
insulation. This was considered to be due to thermal bridges at junctions and 
around windows, as a result of standard improvements possibly not being installed 
correctly. Following the addition of external wall insulation and replacing windows 
with triple glazing the predicted heat loss reduction was 234.2W/K and the 
measured reduction was 165.7W/K. This was considered to be due to the external 
wall insulation not meeting the designed u-value of 0.15W/m2K as values of 0.23-
0.24W/m2K were measured and higher u-values at thermal bypasses measured than 
predicted. The triple glazed windows did meet the designed standard of 0.5W/m2K 
and the floor met design values, plus air leakage measured 5.42m3/h.m2 @50Pa 
against a target of 5m3/h.m2 @50Pa, when there was still some sealing to be carried 
out. Overall, the standard refurbishment met 73% of predicted improvement and 
the radical refurbishment met 71% of the predicted improvement. The lessons for 
the installers’ were that forensic observation or in-production testing should be 
used to check that improvements have been installed correctly; education and 
training should replicate experience and knowledge and on-site briefings are 
needed to ensure everybody involved is sufficiently aware of the factors to consider 
to do their job well. 
However, the performance gap is not limited to the building fabric itself; measured 
system efficiencies of gas-fired heating systems in occupied dwellings have been 
lower than expected. Measured boiler efficiencies ranged from 85% to 89% 
compared to the boiler SEDBUK efficiency rating of 91.3%, and system efficiencies 
(boiler plus pipework and other system components) were found to be as low as 50% 
during the summer, in a previous study by Bell et al, (2010). This low level 
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performance was partly related to heating system design that resulted in overly 
long and uninsulated primary pipework in some dwelling types, and partly due to 
user programming.  
The UK Government is aware of the potential gap between designed and as-built 
energy performance (Zero Carbon Hub, 2014). This can undermine the delivery of 
the national carbon reduction targets, as well as potentially damaging industry 
reputation and consumer confidence. Therefore, they invested £8 million into a 
research programme by the Technology Strategy Board to look into Build 
Performance. The evidence revealed that the problem is wide-spread and that all 
stages of the process of providing new homes have the potential to contribute to 
the gap, either as a consequence of conflicting industry drivers or through poor 
practice. Three major cross-disciplinary themes were identified as primary 
contributors including “lack of understanding, knowledge and skills; unclear 
allocation of responsibility; and inadequate communication of information”. In order 
to address this gap, a pan-industry shift is needed to create a cultural change which 
is necessary to address the issues identified.  The key areas for change identified 
were Energy Literacy, Improving Quality Output, National Compliance Method and 
Regime, Demonstrating Performance and Continued Evidence Gathering. Improving 
energy literacy needs to aim towards improving the understanding of energy 
performance across the whole-industry, including this in new training and within 
CPD for all members of industry including contractors, developers, clients and 
architects right through to insurance bodies, valuers and may more stakeholders. 
Improving quality output includes creating strong actions to improve as-built energy 
performance by encouraging design continuity, identifying responsibility for 
championing energy performance and improving learning loops and creating a more 
robust industry-led approach for construction detailing. In terms of a National 
Compliance Method, SAP is a critical tool and requires changes to make more user-
friendly outputs for developers, designers, statutory bodies and householders’. 
Recommendations were made to review the governance of SAP accreditation 
schemes, assessors and the role of Building Control.  The performance gap can be 
influenced by each of these parties, in addition to householder heating behaviour. 
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2.5.4 Householder heating behaviour  
Householder behaviour adds a further dimension to energy use since policies may 
be designed to apply physical measures to homes but the behaviour of the 
householder in relation to setting household temperatures, choosing how long to 
turn the heating on for, choosing a property with a  certain amount of rooms and 
sizes all impact energy demand. 
Householder heating behaviour includes choosing thermostat set points, selecting 
heating periods and deciding on which rooms to heat; households may be more or 
less aware of their behaviour relating heating and subsequent energy demand. As 
far back as 1993, research based on a literature review of social and behavioural 
aspects of space heating use, reported large variations (e.g. 200-300%) in energy 
demand of households from almost identical homes with almost identical heating 
system characteristics (Lutzenhiser, 1993). This finding is supported by earlier 
research, such as that by Socolow, (1977), discussed in section 2.7.1. However, 
individual household patterns were found to often be quite stable over time 
(Lutzenhiser, 1993; Socolow, 1977), highlighting a benefit for providing bespoke 
energy use evaluations per households in assessing the impact of energy efficiency 
refurbishment. The study (Lutzenhiser, 1993) also incorporated a review of 
literature from the 1970s on attitudes towards the environment and energy use. 
One recommendation was to examine and map consumption patterns in relation to 
two further stages in terms of explaining the demographic-life-style distinctions and 
then predicting typical patterns of energy use per life-style groups are made 
(Lutzenhiser, 1993). This approach could potentially be adopted for energy 
efficiency refurbishment policies. Furthermore, Lutzenhiser (1993) recognised that 
households and organisations including builders, architects and heating contractors 
“do not operate in distinct spheres” yet such “elaborate networks” impact the 
choices consumers make and often actors do not have energy efficiency in mind 
when making recommendations to consumers, such as householders’. Whilst 
Lutzenhiser (1993) found the literature on this area to be sparse and spread across 
many disciplines, this appears to have stimulated much thought in recent research. 
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To summarise section 2.5, there are a number of pathways which can be taken in 
energy efficiency refurbishment. It is technically feasible to achieve over an 80% 
reduction in CO2 emissions but this requires a significant shift in practices. A variety 
of models can be used to model the space heating energy demand of the housing 
stock; SAP allows measurement of an individual home. Householder behaviour can 
vary but whole-house refurbishments may lead to levels of energy efficiency which 
are less affected by householder behaviour. Carefully designed and implemented 
policy measures could enable the 80% reduction in space heating energy demand 
from our owner-occupied housing stock; however this has not been successful on a 
large scale within the UK to date. The following section will discuss the literature 
relating to householder comfort. 
2.6  Householder comfort in the home  
The term ‘comfort’ can be used broadly to describe a feeling of contentment, a 
sense of cosiness, or a state of physical and mental well-being (Chappells and Shove, 
2004). Chappells and Shove (2004) argue that the meanings of comfort have 
changed dramatically over the last century as we now expect higher indoor 
temperatures, which could have considerable implications for energy demand and 
managing indoor environments. Conversely, research detailed in section 2.6.2, 
found there has not been an increase in living room temperatures between 1969 
and 2010 (Vadodaria et al, 2014). Furthermore, whilst some UK householders’ 
demand high indoor temperatures, many UK householders’ under-heat their homes 
and increasing those indoor temperatures could lead to health benefits for those 
householders’ (Oreszczyn et al, 2006). Chiu et al (2014) stated that too much post-
occupancy evaluation has focused on quantitative analysis of building performance 
which can be limiting when trying to understand the variations in refurbishment 
outcome and why they differ. Through incorporating more qualitative techniques, 
the refurbishment outcome and comfort benefits may be better understood. 
 
Going beyond the physical conditions of the home, Cole et al (2007) suggested that 
the notion of comfort should be expanded from physiological means to include 
aspects relating to control and interactivity of householders’, not merely viewing 
   49 
 
them as passive recipients of environmental conditions. Nicol and Humphreys (2002) 
suggest that people with more control of their environment and opportunity to 
adapt to their surroundings will be less likely to suffer discomfort. Adaptive 
activities, such as using clothing to keep warm, has a direct impact on the person 
involved but nobody else within the space, other measures used to warm up 
include increasing the heating temperature within a room or home, or length of 
heating period, physical activity, hot drinks, baths, hot water bottles and sitting 
close to a radiator. Other research has found that householder levels of heating 
control affected comfort responses, even in buildings with the same thermal 
environments, clothing and activity levels (Brager et al. 2004). The potential to 
increase temperatures within the home can lead to an increase in energy use, even 
post-energy efficiency refurbishment. 
 
Comfort is subjective. For example, research by Critcheley (2007) suggests that 
warmer homes can be associated with a stuffiness that can increase asthma 
ailments. Some householders’ like to feel a draught of fresh air in the home (Banfill 
et al. 2011). However draughts can be a sign of unnecessary heat loss through air 
infiltration. Therefore, creating ideal comfort conditions within an energy-efficient 
home is complex and will be explored briefly here before outlining physical comfort 
parameters. 
 
Firstly, considering thermal environment comfort, Fanger (1970) defined this as an 
expression of the mind which expresses satisfaction of the thermal environment. 
The thermal sensation of a human being is mostly related to the thermal balance of 
his or her body as a whole (ISO 7730, 2005). The balance is influenced by physical 
activity/metabolic rate, and clothing insulation, which can be adapted to create 
comfort in real-life, or within ‘dynamic’ models, as well as the environmental 
parameters: air temperature, mean radiant temperature, relative humidity and air 
velocity (ISO, 2005), (Humphreys, Nicol, & CIBSE, 2006). When these factors are 
known at steady state, the thermal comfort of a person can be predicted by the 
PMV index (Predicted Mean Vote), using a seven point scale from hot (+3) to cold (-
3) (Fanger, 1986) (ISO, 2005).  However, whilst this method offers a robust way of 
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measuring physical comfort and environment variables, it may be overly 
quantitative when considering the complex and personal nature of householder 
perceptions of comfort. 
 
Considering the comfort improvements is important because in previous research 
the majority of fuel-poor households fell somewhere between making a 100% 
comfort improvement and 100% energy saving, as opposed to singly making energy 
savings (Banks and White, 2012). For Gilberston et al., (2006), there was little 
evidence of substantially lower heating bills, emphasising the prior need of 
improved thermal comfort for those households. The benefits may differ for owner-
occupied or non-fuel-poor households. For example, householders’ of new build 
exemplar 21st Century Homes were found by Bell et al. (2010) to be pleased with the 
lower heating bills than in their previous properties. 
2.6.1 Householder perceptions of comfort  
In recent years, there has been a shift towards understanding householder 
perceptions of comfort in a more qualitative sense, through post-occupancy 
interviews (Chiu et al., 2014; Gilberston et al., 2006; Banks and White, 2012), in 
addition to surveys (Zalejska-Jonsson, 2012; Mlecnik et al, 2012; Socolow, 1977; 
Gupta and Chandiwala, 2010) and diaries (Vadodaria et al. 2014), enabling the 
performance of the home to be better understood. 
During the Retrofit for the Future (RftF) programme, as detailed further in section 
2.7.2, interviews were held pre and post-refurbishment to understand thermal 
preferences; pre-refurbishment comfort was poor, or very poor and increasing to 
mixed, good and excellent post-refurbishment; further research is taking place to 
establish why comfort was poor or very poor initially (Chiu et al., 2014 and TSB, 
n.d.). These findings on improved post-refurbishment comfort support previous 
findings from the Warm Front scheme; based on semi-structured interviews with 49 
scheme recipient households across five UK cities, most householders’ who 
received energy efficiency improvements, reported improved and more controllable 
warmth and hot water post-refurbishment (Gilberston et al, 2006).  
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Adopting qualitative methods has enabled further benefits resulting from thermal 
comfort for fuel-poor households to be realised, for example reported 
improvements in mental health, emotional well-being and the easing of symptoms 
of chronic illness, according to Gilberston et al (2006). The thermal environment 
improvements led to general wellbeing improvements and householders’ reported 
suffering fewer coughs, cold and flu events during research by Banks and White 
(2012).  Such benefits can lead to improved family relations, expansion of the use of 
space, greater use of kitchens, improved nutrition, increased privacy and an 
improvement to the atmosphere within the home and emotional security 
(Gilberston et al, 2006). 
The benefits of a warmer, healthier and more comfortable place to live should be 
promoted within energy efficiency refurbishment schemes (Banks and White, 2012). 
In relation to comfort, the impact of solid wall insulation for fuel-poor households 
was considered profound, especially where homes were under-heated previously. 
Banks and White (2012) explored other comfort improvements, for example 
householders’ reported an improvement to the appearance of the home, which 
may contribute to increased well-being; this finding was shared by Crosbie and 
Barker (2010). Whilst this can lead to reduce energy savings due to the take-back 
effect (Gilbertson et al), and consequently a mis-calculation of expected CO2 
reductions, it is sometimes required to create a healthy home. 
The householder survey method, adopted in Sweden by Zalejska-Jonsson (2012) 
and Mlecnik et al (2012) in Germany, Austria, Switzerland and the Netherlands both 
explored perceptions and satisfaction of indoor comfort and included questions on 
temperature, air quality, acoustics and heating use. Zalejska-Jonsson (2012) sent 
this to householders’ living in three low-energy and three conventional homes. 
Responses were compared and the statistical difference tested; both sets of 
householders’ could be either satisfied or less satisfied, however, their satisfaction 
may decrease if thermal discomfort leads them to use adaptive methods including 
supplementary heating and challenges relating to ventilation and heating occurred. 
Mlecnik et al (2012) focused on nearly-zero-carbon homes to determine how the 
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comfort parameters, in addition to information provision and control result in 
positive or negative householder appraisal.  
Research using the diary method by Vadodaria et al. (2014) has taken comfort 
assessment a step further, entailing exploration of how 20 households within the 
CALEBRE (Consumer Appealing Low Energy technologies for Building REtrofitting) 
project felt at a particular time, in addition to the reasons for their statements. For 
example 123 entries (66%) related to feeling too cold. This was for reasons including; 
heating not on (37%), inadequate heating in the room (18%), particularly cold night 
or day (8%), draught of cold from another room, heating had gone off (7%) and 
heating not working properly 2%, as reported by Vadodaria et al (2014). This 
enables further work to be carried out to rectify those issues. 
2.6.2 Indoor air temperature  
Indoor air temperature, in a heated space, is very much intertwined with space 
heating energy demand (Firth et al., 2009). To demonstrate this, Summerfield et al 
(2010) found through developing two simple models from publicly available data 
that in 2005 the average household had a minimum space heating demand of 
0.8kW, when the external temperature is 16oC, but this rises to approximately 
3.8kW if the outdoor temperature decreases to 5oC. Therefore, to enable useful 
comparison of indoor air temperatures and space heating energy demand either 
pre and post refurbishment, or between homes (kWh/m2/yr), outdoor 
temperatures can be normalised to 5oC, which has limits as temperature is dynamic 
and varies, but appeared to be a fairly robust method within the literature. 
The indoor air temperature within a home is a key factor affecting thermal 
environment comfort, in addition to surface temperature, relative humidity and 
condensation. Table 2 shows the CIBSE-recommended UK indoor air temperatures 
for spaces in the home, during the winter and summer, as adapted by Humphreys 
and Nicol, (2006). 
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Table 2. CIBSE recommended indoor temperatures (summer and winter) 
Room Temperature (oC) 
 Winter Summer 
Bathrooms 20-22 23-25 
Bedrooms 17-19 23-25 
Hall/stairs/landing 19-24 21-25 
Kitchen 17-19 21-23 
Living rooms 22-23 23-25 
Toilets 19-21 21-23 
 
The recommended temperatures vary according to rooms due to typical activities 
taking place within those spaces. For example, the bathroom is recommended to be 
20-22oC in winter, compared to 17-19oC for the kitchen. Living rooms are places to 
relax so the recommended temperatures are higher here (22-23oC). However, these 
are CIBSE guides, and comfort preferences per individual, and per household, do 
vary. 
To explore some of the earlier findings of temperature measurement using the 
normalised outdoor air temperature to 5oC method, research by Summerfield et al 
(2007), based on monitored indoor air temperature of 15 ‘highly- energy-efficient’ 
UK homes, were found to have an indoor temperature of 19.8oC, on average. Other 
research by Oreszczyn et al., (2006), based on measured temperatures in across 
1600 low-income homes found an average air temperature of 19.1oC (Oreszczyn et 
al., 2006).  Therefore the highly-efficient homes were found to have a mean average 
of 0.7oC greater than the fuel poor homes. Yet, the studies had mean temperatures 
of 0.7oC and 1.4oC higher than the later study in Leicester (Kane et al., 2011). This 
study of indoor temperatures across 292 homes enabled a calculation of the mean 
indoor air temperature of 18.4oC; 17.6oC for detached homes and 18.5oC for semi-
detached homes (Kane et al, 2011).  
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Later research, based on a sample of 230 of the 292 homes, found summer time 
temperatures could be too warm; 28% of the living rooms and 88% of the bedrooms 
were classed as severely overheated by CIBSE criteria (Lomas and Kane, 2012), 
adding further complexity to thermal comfort provision in the home. Previously, 
some households who reported a reduction in draughts also felt the home became 
uncomfortably warm (Banks and White, 2012). However, this did lead to a 
reduction in thermostat temperature set point for some and subsequent energy 
savings. As energy efficiency of homes increases average indoor air temperature 
could increase in parallel. However, Vadodaria et al, (2014), reviewed and 
synthesised the research of measured temperatures between 1969 and 2010, and 
found little or no increase in winter and spring-time average living room 
temperatures. Furthermore, heating control methods can have an impact on indoor 
temperatures and energy demand.  
2.6.3 Heating control 
The heating control in a home impacts the internal temperature and is often 
dictated by the temperature the main householder/s decide upon and set their 
heating thermostat to, in addition to the heating pattern duration they choose, 
both of which are the factors which space heating energy demand is most sensitive 
to (Firth et al., 2010). As Cole et al (2008) suggested that ‘comfort’ should be 
expanded to include aspects of control, this may also affect householders’ 
acceptability of heating systems, for example, or impact upon their general feeling 
of contentedness within the home.  
Where controls are ineffective, inappropriate or unusable, discomfort can increase 
(Nicol and Humphreys, 2002). Householders’ may not understand their central 
heating system controls or know the healthiest temperature to set their heating at 
(Shipworth et al. 2010). In energy-efficient homes, there is potential for a higher 
number of controls to be included. For example, in previous research focused on 
post-occupancy evaluation of exemplar 21st Century Suburban Homes four different 
controllers were included in each home (for space heating, water heating, solar 
system and immersion heater), and thermostat dials without numbers, which led to 
“considerable confusion” and “inefficient energy use” in some cases (Bell et al., 
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2010). Recommendations were made to provide resident support on using controls 
correctly.  
Shipworth et al (2010) recommended that heating controls should be developed 
which appeal to householders’ and are intuitive to use. In addition, thermostatic 
radiator valves can allow the control of temperature within individual rooms in the 
home. Through the measurement of controlled environment test houses, this 
enabled an 11.8% reduction in overall space heating gas use, whilst reducing the 
whole-house mean by just 0.6oC, when compared to heating the whole house to the 
same temperature (Beizaee et al, 2015). However, heating control is only one more 
dimension of energy use; ventilation and fabric air leakage others. 
2.6.4 Ventilation and air leakage  
Ventilation determines the indoor air quality in addition to being a heat loss path 
(Coley et al., 2007). Ventilation is the controlled supply of air into the building, for 
example by window opening and trickle vents, with extractor fans in kitchens and 
bathrooms to remove indoor pollutants and excess moisture emitted through 
cooking and washing activities. Infiltration is the passage of air through the building 
fabric through small gaps around windows and doors, leading to heat loss. As 
homes become more energy-efficient and air leakage increases, challenges emerge 
such as ensuring adequate air-flow into the home for a healthy environment and a 
comfortable environment.  
Where air infiltration is decreased it is essential to provide adequate ventilation to 
ensure indoor air quality is sufficiently managed as exposure to increased pollutants 
from decreased ventilation could otherwise diminish health (Wilkinson et al, 2009). 
The current regulatory maximum for the air leakage of new homes is 10m3/ 
(m2hr)@50pa (ADL1A, 2010), but existing homes do not have a minimum target. 
This figure can seem somewhat abstract; the total air changes within a space per 
hour (ac/h) can be derived from the air leakage results using the K-P model (h-1) by 
Sherman (1987), which divides the result by 20. An optimum ac/h of 0.4ac/h (for 
detached houses) was suggested in previous research by Das et al. (2013). 
Increasing the air leakage of homes can lead to a reduction in the presence of 
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outdoor source pollutant gasses within the homes, but potentially increase the 
indoor concentration where adequate ventilation is not present (Shrubsole et al, 
2012). Heating, ventilation and surface temperatures also impact the likelihood of 
condensation. 
2.6.5 Relative humidity and mould  
As air leakage levels increase, the fabric condition and whole-house moisture levels 
must be considered (May and Sanders, 2014) to ensure good indoor air quality and 
prevent mould formation. Relative humidity changes, in addition to surface 
temperature changes can impact the formation of mould. Previous research has 
found that the occurrence of any severity of mould growth appears to be greater in 
homes which are less efficient and therefore have lower SAP ratings (Ridley et al, 
2005). Following on from the points made in the previous section, according to 
Ridley et al, (2005), the occurrence of mould is greater in homes with ‘unfit’ 
ventilation, suggesting that excessively airtight homes with poor ventilation might 
be prone to mould growth. 
However, a study which included householder perceptions of comfort following 
social housing energy efficiency refurbishment, found that 50% of householders’ 
noticed a ‘big improvement’ in damp and mould (Ball & Roberts, 2012). Similar 
findings came from research in New Zealand; after the addition of energy efficiency 
measures, relative humidity decreased by an average of 2.3% (Howden-Chapman et 
al, 2007). However, five households in the previously mentioned study by Ball and 
Roberts (2012) reported problems to have deteriorated; damp in one house, mould 
in two houses and draughts for one household.  Other moisture related issues from 
this research included water running down the walls in the bathroom and steamed 
up windows in the kitchen during cooking and a non-insulated cold bathroom which 
still allows the pipes to freeze during the winter months (Ball and Roberts, 2012). 
The impact on building and fabric moisture of energy efficiency refurbishment 
requires careful consideration, and more longitudinal studies. 
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2.6.6 Noise and acoustic quality  
Noise and acoustic quality has received less focus in research than temperature and 
relative humidity, particularly in terms of householder perceptions following energy 
efficiency refurbishment. However, the previously described study by Banks and 
White (2012) found that, participants reported their home became quieter as a 
result of installing solid wall insulation, perhaps as a result of reducing air infiltration. 
To consider whether noise is a source of householder discomfort, Grimwood et al. 
(2002) found that 81% of survey respondents, from a total of 5,000 participants, 
heard noise from neighbours and 37% were bothered, annoyed or disturbed by it to 
some extent. Later, in 2012 the study was repeated with 2,747 participants and the 
percentage of participants who stated noise spoilt their home life to some extent 
increased to 48% (Notley et al. 2014). Therefore, if this trend continues, the benefits 
of decreasing external noise heard within the home may become more attractive to 
householders’ living in increasingly noisy areas. 
To summarise section 2.6, comfort can include a general sense of wellbeing, in 
addition to thermal environment comfort, good air quality, pleasant acoustic 
comfort and an aesthetically pleasing environment. More recently, control within a 
space has been considered as a factor to partly determine comfort. Householders’ 
can provide insight on their perceptions of comfort using qualitative and 
quantitative methods including interviews, surveys and diaries. In addition physical 
comfort parameters can be measured in the home and for householders’ alike. 
However, these variables do change frequently and triangulating qualitative and 
quantitative data may enable a richer account of comfort. The following sub-section 
discusses literature on the success of refurbishments from the householders’ 
perspective. 
2.7  Success from the householders’ perspective  
Success can be defined as the accomplishment of meeting aims, or expectations. In 
consideration of energy efficiency refurbishment from the householders’ 
perspective, this may include the experiences of the refurbishment process and 
outcome meeting the householder expectations.  
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2.7.1 Post-occupancy evaluation 
The outcome of the refurbishment can be measured in terms of delivery of 
promised tangibles during the process (cost, time, products and workmanship) in 
addition to space heating energy demand and comfort factors. This outcome 
evaluation could be defined as post-occupancy evaluation, which was defined by a 
team including Bordass and Leaman (1997) who realised that the operation and 
management of complex systems within buildings was necessary to create optimum 
performance. The team went forwards to develop a method of assessing building 
householder satisfaction through post-occupancy evaluation (POE) (Cohen et al, 
2001), which was mostly intended for non-domestic buildings. This was developed 
and became more energy focused, but there is still a lack of a clear standard 
methodology for post-occupancy evaluation of homes following energy efficiency 
refurbishment (Chiu et al., 2014). 
An early study which compared the impact of energy efficiency refurbishment and 
householder feedback techniques for energy use through the use of two controlled 
experiments (Socolow, 1977) gathered multiple sources of data. These data 
included monitoring of the construction of 3000 new homes (for 12,000 people), 
interviews with those responsible for energy related decisions during planning and 
construction, surveys with householders’, monthly gas and electric meter readings, 
installation of a weather station on site and placed “instruments” in 31 homes with 
identical floor plans. This aimed to address four subjects including the effective 
refurbishment and the role of the householder in determining energy use. One 
factor identified was that energy use is likely to be proportional to degree days, 
highlighting the necessity to measure external air temperature. A key finding 
relevant to the present research was that with experiments involving 8 and 16 
house samples, which had the same standard refurbishment measures installed and 
heated to the same temperature, savings ranging between 15 and 30% were made 
leading to a recommendation to treat quantitative claims for percentage reductions 
in energy consumption sceptically (Socolow, 1977). This highlights the challenge in 
estimating building energy use since buildings environmental conditions are not 
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static and even the same building design will vary for factors including build quality, 
quality of plumbing and service installations, orientation and shading. 
The transition from expectations to delivery can be investigated using further 
feedback techniques. Gupta and Chandiwala (2010) collected data on the 
householder perceptions of comfort, satisfaction, behaviour and expectations to 
inform the briefing and solutions in terms of design, materials, construction, 
installation and commissioning practices for the energy efficiency improvements to 
their homes. They suggested that householders’ who become an integral part of the 
energy efficiency refurbishment process assist in minimising unintended 
consequences such as increased energy use through increased thermal 
environment comfort (Gupta and Chandiwala, 2010), or the rebound effect. 
Subsequently it was hoped that this process would improve householder’s 
perceived value of energy efficiency refurbishment. Gupta and Chandiwala’s (2010) 
research extended a typical building performance evaluation to combine technical 
and social aspects. They presented the majority of data collection methods within 
compact tables combining post-construction fabric testing, energy assessment and 
benchmarking, in-use measurement and monitoring of the physical environment, 
in-use measurement and householder feedback surveys (Gupta and Chandiwala, 
2010), all of which assist in describing the success of an energy efficiency 
refurbishment from the householders’ perspective. 
A key piece of research on householder experiences of the installation process of 
solid wall insulation (SWI) and post-installation comfort impacts was carried out 
between 2010 and 2012 by Banks and White (2012). The study comprised a 
qualitative evaluation of the experiences of 11 households who had SWI installed, 
who were considered to be fuel poor. Each household had taken part in the 
Freedom From Fuel Poverty (FFFP) scheme, which was funded by Bath and North 
East Somerset Council and ran from August 2009 to December 2010, however 
whilst the funding ran until 2010, some householders’ experienced delays in 
measures being installed and their insulation was installed early 2011. In relation to 
the experience of the installation process itself, each household had a very different 
experience due to the diverse mix of property types; the different SWI systems 
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applied; and timing of the works. Two households experienced the installation 
during cold weather which caused significant delays (Banks and White, 2012). A 
recommendation was made to alleviate these challenges through a formal process 
for onsite project management and a single point of contact for the householder; 
highlighting that where customer choice is limited in installer selection, a smooth 
experience is particularly important (Banks and White, 2012).  
2.7.2 Retrofit for the Future 
Retrofit for the Future (RftF) was a domestic refurbishment project, funded by 
Innovate UK, which acted as a catalyst to the refurbishment of over 100 UK homes, 
with an aim of achieving 80% reductions in the ‘in-use’ CO2 emissions of each home 
(TSB, n.d.). In total 194 projects were funded with up to £20,000 of which 86 
projects were then awarded further funding of up to £150,000 to demonstrate what 
could be achieved, with adequate funds. Social housing was targeted leading to the 
active involvement and leadership of housing associations who were willing to take 
risks, identify suitable properties and find willing householders’. Social housing was 
selected for practical reasons. 
A review of the socio-technical approaches to post-occupancy evaluation in which a 
mixed method approach was undertaken to explore the refurbishment experiences 
of twelve households who participated in the Retrofit for the Future project (Chiu et 
al., 2014) found that there had been a “dearth” of projects which had attempted to 
understand householder experiences during the refurbishment. This study 
incorporated post-refurbishment interviews with low-income householders’ in their 
homes during the heating season and photographs of installed measures, in 
addition to hindsight interviews with stakeholder teams based on reflections of the 
householder experiences lessons learnt in terms of physical installation and design 
challenges, in addition to factors which influenced the refurbishment processes, in 
addition to photographs of installed measures. A strong message resulting from the 
study by Chiu et al. (2014) was that too much post-occupancy evaluation has 
focused on quantitative analysis of building performance, or heating behaviour 
which can be limiting when trying to understand the variations in refurbishment 
outcome and why they differ. Through incorporating more qualitative techniques, 
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the practices and challenges of refurbishment may become better understood and 
this can therefore inform future teams. 
In relation to the studies on the process of refurbishment within RftF, 21 projects 
cited something unexpected causing delays, leading to increased costs; costs also 
changed due to increases in prices of products, a failure to plan for some works 
such as decorating or remedial works following refurbishment, or unusual stories 
such as discovering asbestos in the loft space. Delays in window deliveries were 
found to be common, and some project teams struggled to find suppliers for the 
products specified; delays were also caused in waiting for planning permission to be 
granted, and a recommendation to apply as early as possible in future projects was 
made (TSB, n.d.).  
During the refurbishment process, the RftF projects where residents remained in 
situ all found difficulties and stress were experienced by the householders’ resulting 
from mess, dust, disruption and overruns in time, but where residents were able to 
move out this led to additional costs of up to £14,000 for accommodation and 
storage of possessions (TSB, n.d.). When residents were consulted about measures, 
some opted against planned measures, one example of which was to prevent losing 
floor space, thus highlighting a challenge in planning a refurbishment for somebody 
else home. In addition, the RftF projects (TSB, n.d.) led to neighbour disputes due to 
scaffolding objections, reduced alleyway widths and the general disruption created 
through the building works, which householders’ may have been unprepared for. 
One of the most common recommendations for overcoming site issues, as reported 
by TSB (n.d.) was to plan for a full-time, on-site manager to ensure good quality 
outcomes, despite the expense encountered. This may assist in overcoming the 
quality of workmanship challenge, which was highlighted as a problem, and some 
housing associations suggested providing training for site staff and bringing experts 
on site, in addition to allowing site staff to attend air leakage testing during training 
(TSB, n.d.).  
More recent research, based on a cross-project meta-study approach examining the 
intent and outcome of the RftF programme, by Gupta et al. (2015) concluded that 
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further research is required to understand householders’ experiences during energy 
efficiency refurbishment. Recommendations were made to actively engage 
residents from the planning stage, through the refurbishment process and following 
refurbishment. However, these recommendations are tailored to tenants, rather 
than owner-occupiers. 
Following refurbishment, some RftF project teams reported being disappointed that 
householders’ fell back into old energy use patterns or struggled to adapt to their 
new homes (TSB, n.d.), which potentially highlights communication and 
engagement shortfalls from the project teams, in addition to varying expectations 
of the refurbishment outcome between the project teams and householders’. 
Where householders’ make their own choices and feel they have more control over 
the project the potential outcomes, some of these challenges may be overcome. 
Earlier research undertaken by Chiu et al. (2012), studied the RftF sample of social-
housing householders’ using interview before and after the refurbishment to gather 
data on their satisfaction with the refurbished home and the overall refurbishment 
programme. The findings provided a number of insights under fourteen key lessons 
including ‘helping householders’ cope with disruption’ and ‘understand 
householders’ thermal preferences’, as detailed in section 2.7.2. In addition, 
recommendation was made to consider the refurbishment process and the health 
impact of the work; all impacting householders’ overall satisfaction (Chiu et al., 
2012).  This holistic approach to refurbishment evaluation closely aligns with the 
research questions and objectives within the present study. 
The CO2 emissions calculations within RftF were based on the data gathered from 
energy meters which collected data from the occupied homes for at least 12 
months and were originally calculated in kWh/m2/yr, for internal floor area. From 
the project 37 properties included within the Retrofit for the Future data analysis 
report, three achieved a reduction in CO2 emissions equivalent to over 80% 
compared with 1990 average levels, a further ten achieved 70-80% reductions and a 
further 13 achieved a reduction between 50 and 70% (TSB, n.d.). This study aimed 
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to assess the potential to meet the 2050 targets based on 1990 levels, as opposed 
to improvements made to individual properties.  
Measured energy use fell for most within + 15% of the predicted energy use, 
however two used 50% and 60% less than forecast and three used 75%, 137% and 
150% more than predicted. The performance gap for electricity use was greater, 
and this was not considered to be due to the use of mechanical ventilation with 
heat recovery systems. A few project teams reported challenges in modelling using 
SAP where interventions were not included within the typical range of inputs. 
Average relative humidity levels remained between 50% and 70%; only one 
property was frequently above recorded levels of 80%, indicating that higher levels 
of air leakage can be achieved without causing increases in relative humidity levels 
(TSB, n.d.). A strong correlation was reported reducing air leakage and achieving 
higher levels of CO2 reduction, yet pre-refurbishment air-leakage test results were 
lower than expected with the majority found to be lower than 10m3/m2/hr@50pa 
(TSB n.d.). The most common reduction was from approximately 8m3/m2/hr@50pa 
to 4m3/m2/hr@50pa (TSB, n.d.). As a result of Retrofit for the Future, market 
challenges were identified as immature product markets within the sector, supply-
chain challenges and local planning obstacles, which required strategic policy input. 
To summarise section 2.7, the success of energy efficiency refurbishments can be 
measured by considering the householder perception through comparing their 
expectations with experiences. This may include measurable tangibles such as time, 
product quality, costs and workmanship, in addition to the outcome of 
refurbishment in terms of householder comfort within the home and space heating 
energy demand. Recent research has explored the householder perceptions of such, 
but usually for social housing householders’ or fuel poor households, whose 
experiences may differ from that of owner-occupied households. Methods used in 
previous studies are often mixed-method; incorporating qualitative data collection 
from householders’ including interviews, surveys or diaries and quantitative data on 
physical comfort parameters and space heating energy demand of homes. This 
enables a rich account of householder perceptions to be presented.  
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2.8  Chapter summary and research gap  
This chapter has summarised the literature reviewed in determining the aim of the 
present study. The domestic sector consumes the largest amount of energy 
amongst the major UK sectors. In order to meet the legally binding targets to 
reduce CO2 emissions by 80% by 2050, from 1990 levels, energy efficiency of UK 
building stock must increase. Modelling shows that an 80% reduction is possible, if 
significant changes to current practice are made. However, the modelling often 
overlooks that the home is a place of rest and sanctuary for householders’ who 
often have busy lives. Planning a refurbishment may come at a time when 
something needs to be repaired or replaced, or the householders’ spot an 
opportunity to decrease their energy bills, but low-cost measures installed in a 
piecemeal approach are unlikely to make an 80% reduction. There is little previous 
research on the householders’ perception of the physical process of energy 
efficiency refurbishment and their satisfaction levels with the outcome in terms of 
physical comfort and space heating demand, along with subsequent CO2 emissions 
and energy costs. There is also a lack of literature on defining the success factors 
from the owner-occupied householders’ perspective. This represents a necessary 
group to engage as they make their own choices for their home. Therefore, the aim 
of this research is to identify whether energy efficient refurbishments of UK owner-
occupied homes are successful from the householders’ perspective. 
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3. METHODOLOGY 
3.1 Introduction 
This chapter presents the methodological approach taken, the data collection 
methods used and the ethical considerations for these stages. 
3.2 Methodological approach 
Research is a process through which knowledge is generated. The methodological 
approach determines the way in which one goes about acquiring knowledge 
(Lincoln and Guba, 2013, pp. 37) and specifically concerns what the process of 
research is (Creswell, 2007, pp. 17). This chapter discusses the research strategy of 
the enquiry undertaken for to address the research questions and objectives set out 
in section 1.3. This starts with theoretical positioning before discussing the data 
collection and analysis methods undertaken during each research phase because 
discussing sampling, ethical considerations, research validity and providing a brief 
chapter summary. 
The purpose of a study sets out what it is trying to achieve (Robson, 2011). The 
present study’s purpose is to describe the factors contributing to the success, or 
failure, of energy efficient refurbishments of UK owner-occupied homes from the 
householders’ perspective. The analysis of these descriptions, in addition to data on 
energy performance and indoor environment allow recommendations to be made. 
The worldview of the researcher impacts the research undertaken. World views can 
also be called epistemological considerations or paradigms. Each is considered to be 
“a basic set of beliefs that guide action” (Guba, 1990, pp. 17). Within the present 
research the pragmatic approach was taken, which allows focus on research 
outcomes; the actions, situations and consequences of inquiry, as opposed to 
focusing on method, this approach focuses on the problem studied and subsequent 
research questions (Guba, 1990 and Creswell, 2007). This allowed freedom to 
choose the most suitable methods to sufficiently answer the research questions 
resulting from the review of evidence. 
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Research questions provide the necessary starting point for all forms of knowledge 
development (Alvesson and Sandberg, 2013). The present research developed the 
research questions, as presented in section 1.3, by firstly identifying the domain of 
interest as ‘energy efficiency of UK homes’ and then specifying a topic within this 
domain through the process of literature reviewing to identify a gap in published 
research, (as presented in section 2.8), a process suggested by Alvesson and 
Sandberg (2013). Previous research by Shove et al. (2010) stated that a research 
agenda which considers and learns from real-world conditions is necessary to move 
towards a lower-carbon future which provides comfortable indoor conditions. 
There are two major types of research, qualitative and quantitative, within which 
many variations of data collection exist. Qualitative research focuses on words 
(Tashakkori and Teddlie, 2010, pp. 101), in which data collection is likely to include 
interviews or surveys and is  useful for studying limited cases in depth as rich data is 
produced based on participants own categories (Johnson and Onwuegbuzie, 2004). 
Therefore, qualitative methods were necessary within the present study in order to 
understand the householder’s perspective. However, qualitative research is limited 
in scope to evaluate the success of energy efficiency refurbishment, as a whole. 
Quantitative research focuses on numbers (Tashakkori and Teddlie, 2010, pp. 101). 
It can be considered to be a precise study consisting of large amounts of data 
producing statistically significant results, which are objective and independent of 
the researcher’s bias. In order to triangulate qualitative findings, in addition to 
describing the impact of long-term energy efficiency refurbishment on space 
heating and comfort parameters, it was essential to include quantitative methods to 
the present study.  
Mixed methods research combines elements of qualitative and quantitative 
approaches for the purpose of gaining a deeper understanding (Johnson et al, 2007). 
Mixed method research simply refers to the collection of both numbers and words 
(Tashakkori and Teddlie, 2010, pp. 101), which is essential in fully describing the 
impact of energy efficiency refurbishment to UK homes. Previous research focused 
on householder perceptions and outcomes of refurbishment have either adopted, 
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or recommended, mixed method approaches (Banks and White, 2012; Chiu et al. 
2015; Gupta et al. 2015; TSB, n.d.). This approach was selected for the present 
research and is often undertaken by pragmatic researchers who typically focus on 
the problem studied and subsequent research questions. 
The research strategy refers to the orientation taken in seeking answers to research 
questions (Robson, 2011). The research questions within the present study were 
focused on householder experiences within their homes, which required focus on 
the qualitative householder perspective in addition to quantified outcomes for 
comfort and energy parameters. A research design strategy can be fixed, flexible or 
multi-strategy, with fixed typically being quantitative, flexible often qualitative and 
able to evolve during data collection and multi-strategy combines elements of both 
(Robson, 2011). As the present research type was mixed-methods, the multi-
strategy design was a good fit. To explore the differences further, fixed designs are 
useful for traditional experiments producing averages but a weakness of fixed 
designs is that they cannot capture the complexities of human behaviour and 
assume the researcher is at a further physical and emotional distance from the 
study, than during flexible designs (Robson, 2011). Flexible designs allow details of a 
design to emerge during data collection and analysis and are particularly useful in 
case study approaches. 
Case studies are useful when research addresses either a descriptive question ‘what 
is happening/happened’ or an exploratory question ‘how or why did something 
happen’ (Yin, 2012). The present study used a case study approach to study a small 
number of related case study households in detail, enabling the collection of a wide 
range of information via a number of data collection techniques combining 
qualitative and quantitative methods, leading to insightful explanations. This 
approach was adopted in a number of studies included within the literature review; 
however the case study households selected in prior research are primarily either 
social housing tenants and/or fuel poor households within the most relevant studies, 
highlighting the main research gap identified in section 2.8. Within the present 
research the householders’ perspective was sought pre, during and post-
refurbishment in addition to physical measurements of energy use and comfort 
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parameters pre and post-refurbishment, requiring a detailed description of these 
factors to determine the overall success of energy efficiency refurbishment from 
the householders’ perspective.  
The case study approach can favour data collection in natural settings, however, Yin 
(2012) recognises that case studies can be seen as a last resort and as an 
exploratory method; it can lack credibility due to a lack of sufficient protection from 
the researcher setting out to find what he or she had wanted to find. The potential 
for researcher bias is present in all qualitative research methods, and quantitative 
to an extent, therefore the measures taken to prevent this include triangulation of 
data and care taken in the wording and analysis of data, as explained further in 
section 3.9: Research validity. 
3.3 Research design and data collection phases 
Research design enables research questions to become research projects (Robson, 
2011). In order to sufficienctly answer the research questions by describing the 
factors contibuting to success of energy efficiency refurbishment from the 
householders’ perspective, a mixed-method case study approach was adopted, 
allowing rich data to be collected from a number of sources within participants own 
homes. This combined flexible and fixed qualitative and quantitative data collection 
methods, to enable the householders’ perception to be compared with quantitative 
methods. The quantitative data also allowed measurment of energy and phyical 
comfort parameters. The data collection took place over three main phases and one 
additional phase which continued throughout those three key phases. The phases 
are outlined in Table 3 and further explained in the following sub-sections, in 
relation to the thesis themes which the data related to. Data collection during each 
phase is summarised in section 3.11. 
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Table 3. An overview of the method stages 
Phase 1: 
Pre-refurbishment 
(Apr –July 2013) 
Phase 2: 
Soon-after 
refurbishment 
(Jul 2013- Oct 2014) 
Phase 3: 
Post refurbishment 
(Feb 2014 – Oct 2014) 
Phase 0: 
Throughout 
(Apr 2013 – June 2014) 
Interview one  
 
Building survey 
Temp. monitoring setup 
RH monitoring setup 
Gas meter readings 
Testing fabric  air tightness 
Modelling using a modified 
version of SAP09 
Interview two 
 
Gas meter readings 
 
Interview three 
Categorising survey 
 
Testing fabric air tightness 
Modifying the model with 
new installation additions, 
new air tightness results 
Temperature 
monitoring  
Relative humidity 
monitoring  
Energy monitoring (via 
gas meter readings) 
 
The central part of research is the collection of data which must be collected in a 
systematic and professional fashion (Robson, 2011). As mentioned previously, this 
present research approach adopted qualitative and quantitative data collection 
methods. A combination of research approaches is particularly valuable when 
dealing with complex situations (such as energy efficiency of UK homes) as it 
enables a range of perspectives to be gained in developing an understanding of the 
problem (Bryman, 2006). However, the combination of these two types of data can 
result in a “terrible mess” (Greener, 2011), as they can be difficult to integrate, yet 
the benefit is that the data can be triangulated to increase validity of the findings 
(Robson, 2011). Therefore, care was taken to develop and use methods of data 
collection and analysis effectively and systematically to produce rigorous findings.  
The three key phases (1-3) were designed to enable householder expectations of 
the refurbishment to be later compared with experiences in terms of process, 
comfort and energy use. In addition, visiting householders’ pre and post-
refurbishment during cold-weather months before and after the refurbishment, 
over one full year allowed energy and comfort quantitative data to be collected and 
compared pre and post. Phase 0, carried on throughout phases 1-3 and began 
during phase 1 and ended during or shortly following phase 3. The data gathered 
within each phase contributed to one or more of the key themes of this thesis: the 
process of refurbishment, the living environment comfort and space heating energy 
demand.  
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Next, the sampling strategy is explained in section 3.4, secondly the qualitative data 
collection and analysis are detailed in section 3.5, followed by the quantitative data 
collection in section 3.6 and quantitative data analysis in section 3.7. Ethical 
considerations are covered in section 3.8, followed by research validity in section 
3.9 and details of the pilot studies in section 3.10. The data collection phase 
summaries are presented in section 3.11, before section 3.12: Chapter summary. 
3.4 Sampling strategy 
The research was designed as such to collect multiple types of data from case study 
households, to allow an in-depth analysis of participant experiences to be described, 
and triangulated with quantitative measurements of energy and comfort 
parameters. To enable comparison between heating periods’ pre and post 
refurbishment it was essential to capture experiences and measurements during 
cold-weather months. During the planning stages estimates were made for the time 
needed to prepare materials, collect the data and analyse the data with rigour. To 
enable multiple methods of data, creating rich case studies, to be collected within 
the PhD timescale, a sample of ten case study households were sought. The 
literature review revealed that owner-occupied households were under-studied 
within the UK in relation to building energy research.  Therefore, the inclusion 
criteria was that the households were owner-occupied, planning an energy 
efficiency refurbishment and located within the UK. The measures considered valid 
as an ‘energy efficiency refurbishment’ were: wall insulation (internal, external of 
cavity), boiler replacements and window replacements. These were chosen as they 
are all measures which were available to householders’ on the UK market at the 
time of study, and were comparable with previous studies found during the 
literature review. The inclusion criteria limited the households to the UK to enable 
multiple visits to be easily made and allow discussion of the results in relation to UK 
policy. 
Initially, fourteen case studies including the pilot study were recruited, to provide a 
surplus in case of drop-out or incompletion of refurbishment within the PhD 
timescale. Fortunately, ten households did complete their refurbishment within the 
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timescale and none dropped-out. Case study households were recruited by 
purposive and convenience sampling. Six were recruited by word-of-mouth via 
colleagues, friends and internal Loughborough University department emails, three 
were recruited through energy-saving workshops, three were recruited via a local 
architect who had worked on previous whole-house refurbishments and one was 
recruited via a local community group. These methods were selected as they were 
considered to be effective, efficient and low-cost ways to recruit homeowners at 
the planning stage of a refurbishment within the next year. However, it was 
recognised that the nature of recruitment through energy-saving workshops, an 
architect who specialising in energy efficiency refurbishment and a community 
group could attract householders’ who were considered to be ‘positive-greens’ 
according to the Defra framework for pro-environmental behaviours (Defra, 2008). 
Therefore, the sample was categorised using attitudes and behaviour surveys; the 
findings of which were considered during the data analysis and write up stages. 
The recruited case study households represented a variety of archetypes, property 
ages and sizes and household makeup with a mix of planned measures, sequences 
of work and funding sources. The case study households were numbered H1 to H10, 
which is objective and non-personal but was considered practical in the creation of 
quantitative graphs and tables. The descriptive case study details are provided in 
Chapter 4: Case Study Characteristics. The following section provides detail of the 
qualitative and household data collection. 
3.5 Qualitative and household data collection  
This sub-section covers the methods of data collection and analysis adopted to gain 
insight of the householder’s perspective in addition to their socio-demographic 
status and environmental attitudes. 
3.5.1 Semi-structured interviews 
Semi-structured interviews were selected to give the interviews focus whilst 
allowing the participants to talk openly. An interview is a flexible and adaptable way 
of finding things out and whilst it can be time consuming it can allow visual cues to 
be provided, which survey responses may not allow (Robson, 2011). Qualitative 
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interviews are often held in the participants ‘natural/naturalistic setting’ where they 
experience the issue or problem under study (Creswell, 2007, pp. 17), such as the 
home; therefore this was where the interviews took place. The interviews were 
held in a participant’s living room, the kitchen (for two households), the dining 
room (two households) or the conservatory (one interview). Each interview lasted 
between 30 and 90 minutes. Where possible the duration was kept within 45 
minutes so as not to demand too much of the participants’ time, however some 
participants chose to talk for longer and appeared keen to keep talking about their 
experiences, so this was accepted. The researcher allowed a short amount of time 
at the start and end for greetings and general conversation which were considered 
to help make the visit more relaxed for all. Care was taken when designing the 
interviews to avoid questions which were either; long, double-barrelled (i.e. asking 
two questions in one statement), involving jargon, biased or leading, as 
recommended by Robson (2011). The interview scripts were drafted and revised 
following advice from the supervisory team to ensure they would answer the 
research questions in a focused way, whilst remaining stimulating to the participant 
throughout. Within the interview script, prompts were listed for times when the 
participant may feel unable to answer the question, or were unclear on the topic, 
but were used as a last resort, and therefore not always used in a consistent 
manner, as suggested by Robson (2011). 
The interviews were used to establish the householder’s expectations and 
experiences of the energy-efficient refurbishments in terms of process, time and 
financial costs, disruption, comfort and potential energy, carbon and financial 
savings on energy bills. These question themes enabled the research questions 
stemming from the review of evidence to be answered. In total, three semi-
structured interviews with each household took place, during phase 1, 2 and 3. 
During the pre-refurbishment interview householders’ were asked to sketch the 
floor plan of home and mark on any spots which were draughty, cold or damp. This 
floor plan was then used to compare responses in the post-refurbishment interview. 
The detailing of pilot studies is included in section 3.10 and the interview scripts are 
provided in appendices 2 to 4. Throughout the research process reflection notes 
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were made and emerging themes were identified prior to the data analysis. The 
analysis themes and parent codes are summarised in Table 4, these provide further 
insight into the questions included within each interview. 
3.5.2 Qualitative data analysis 
The interviews were all audio-recorded, in addition to hand-written notes being 
taken during the interview and reflection notes made following interviews. 
Following each interview the audio recordings were saved in a password protected 
folder on the researcher’s laptop, in line with the Data Protection Act (1998). Each 
interview was transcribed verbatim, some by the researcher and some by an 
external professional transcriber. Two of those transcribed by a professional 
transcriber were selected at random and checked for accuracy; the same 
transcriber was used throughout. 
Thematic analysis was used inductively to identify themes within the transcripts. 
Thematic analysis is considered to be an accessible and theoretically flexible 
approach to analysing qualitative data (Braun & Clarke, 2006). First of all, colour 
coding was used to manually identify key themes which related to the research 
questions through a descriptive approach. Following this, a more rigorous approach 
was adopted through the use of NVivo 9 qualitative data analysis software which 
has been used in similar research by Mallaband (2013). In preparation for this, a 
two-day NVivo training course was attended on the 24th and 25th July 2013. 
During the first cycle of coding using NVivo 9 software, descriptive parent codes 
were created for the key points included in the research questions and objectives. 
The second cycle involved identifying and thematically categorising participant 
comments’ which emerged from the data, as in previous research (Mallaband, 
2013). This was repeated during a third cycle. Interview notes were compared with 
the emerging themes. The qualitative data which is supported by quantitative data 
(from building surveys, monitored temperature and relative humidity data and air 
leakage tests), is marked with an asterisk in Table 4. 
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Table 4. Objectives and phases, analysis themes and research questions 
Objectives and phases Parent codes Research question 
Phase 1 
O1. To identify the householders’ 
expectations of the energy efficiency 
refurbishment process. This will incorporate 
their understanding on the installations, 
their estimation of time and financial costs, 
their existing knowledge of available 
measures, their expectations of the process 
of fitting and expected disruption. This will 
be later compared with the actual process. 
Reason to install: Expectations 
Knowledge of measure 
• Used sources of information 
• Trusted sources of information 
• Expected process of fitting 
• Expected start and finish date 
• Expected duration of fitting 
• Expected cost 
• Expected installers’ 
1. What are the householder 
expectations of an energy efficiency 
installation and what do they actually 
get? 
Phase 2 
O2. To ascertain what happens during the 
actual delivery process of the installation. 
This will cover the householder’s experiences 
throughout the process. Particular focus will 
be paid to the installation of the measures, 
time taken and cost, disruption or any 
additional unexpected factors experienced. 
• Experiences of installation process 
• Installer used 
• Duration of installation 
• Start and completion date 
• Actual cost 
• Changes to daily routine during the 
process 
• Comfort during the process: Safety, 
security, thermal, air quality, noise, 
mess, unexpected inconvenience. 
• Any other unexpected factors 
1. What are the householder 
expectations of an energy efficiency 
installation and what do they actually 
get? 
Phase 1 and 3 
O3. To evaluate and compare the quality of 
living environment comfort before and after 
the refurbishment. This will include the 
householder’s perceptions and quantitative 
measurements. 
• Householder comfort*: 
temperature*, air quality*, 
draughts*, damp*, acoustics, 
aesthetics 
 
1. What are the householder 
expectations of an energy efficiency 
installation and what do they actually 
get? 
2. Do the householders’ perceive an 
internal environment improvement? 
Phase 1 and 3 
O4. To quantify the energy, fuel and 
subsequent CO2 and financial cost savings 
using measured and modelled data. This will 
focus on the energy consumed for space 
heating by comparing usage before and after 
the refurbishment. The air permeability of 
the fabric will be measured before and after 
the work, this will also be an input to the 
SAP model. 
• Energy consumption* Energy costs* 
• Energy efficiency* 
• Heating patterns 
• Thermostat temperature 
1. What are the householder 
expectations of an energy efficiency 
installation and what do they actually 
get? 
 
3. Do the householders’ actually save 
money, energy and carbon? 
Phase 1, 2 and 3 
O5. Identify where the householders’ 
expectations are not met and where they are 
exceeded, to ensure householder 
satisfaction and help encourage future 
adoption. This will detail how the process of 
energy efficiency refurbishment can be 
improved to maximise the benefits to the 
householder - both perceived and actual. 
• Expectations met 
• Expectations not met 
• Expectations exceeded 
• Recommendations for policy 
makers, industry stakeholders on 
installer trainers made by 
householders’ 
1. What are the householder 
expectations of an energy efficiency 
installation and what do they actually 
get? 
Phase 0 
O6. Throughout the review of evidence, the 
duration of the study and the write-up 
stages, gain a deep understanding of the 
relevant policy to domestic energy efficiency 
refurbishment. 
• Used sources of information 
• Expected duration of fitting 
• Expected cost 
• Actual cost 
• Funding sources 
• Expected installers’ 
• Unexpected factors 
1. What are the householder 
expectations of an energy efficiency 
installation and what do they actually 
get? 
3. Do the householders’ actually save 
money, energy and carbon? 
*triangulated with quantitative data 
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3.5.3 Householder categorising data and surveys  
Questionnaires which were specifically designed to categorise householders’ were 
used following the post-refurbishment interview. These included questions on 
occupation, education level, total household income level, environmental attitudes 
and pro-environmental behaviour. The occupation and education level were open-
ended questions. The household income levels were organised using categories 
defined by Reid (2010), as shown in Table 5. 
Table 5. Household income categories 
What is the total household income (before tax)? 
Per week Tick one Per year 
Nil or loss  Nil or loss 
£1 to £79  £1 to £3,999 
£80 to £149  £4,000 to £7,999 
£150 to £229  £8,000 to £11,999 
£230 to £329  £12,000 to £16,999 
£330 to £459  £17,000 to £23,999 
£460 to £709  £24,000 to £36,999 
£710 or £849  £37,000 to £43,999 
£850 to £1,099  £44,000 to £56,999 
£1,010 to £1,299  £57,000 to £66,999 
£1,300 to £1,429  £67,000 to £73,999 
£1,430 to £1,669  £74,000 to £86,999 
£1,670 to £1,929  £87,000 to £100,000 
£1,930 or more  £100,000 or more 
 
Environmental attitudes were assessed using statements adapted from the New 
Ecological Paradigm (NEP), which was designed by Dunlap et al. (2000) and adopted 
in Reid’s study (2010). According to Pelstring (1997) the NEP is an instrument 
commonly used by social scientists to measure environmental attitudes and has 
been used for several decades; providing a degree of trust to its validity. For each 
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statement, the participant marked their stance of agreement on a five-point scale, 
ranging from ‘strongly agree’ to ‘strongly disagree’ as shown in Table 6. The 
responses considered to be ‘pro-environmental’ are given 4 points; the highest 
achievable score is 60.  
Table 6. Environmental attitudes (questions adopted from New Ecological Paradigm) 
Please take some time to consider each statement below and tick whether you strongly agree, tend to 
agree, neither agree nor disagree, tend to disagree or strongly disagree. 
 Strongly 
agree 
Tend 
to 
agree 
Neither 
agree 
nor 
disagree 
Tend to 
disagree 
Strongly 
disagree 
We are approaching the limit of the number the 
earth can support 
4 3 2 1 0 
Humans have the right to modify the natural 
environment to suit their needs 
0 1 2 3 4 
When humans interfere with nature it often 
produces disastrous consequences 
4 3 2 1 0 
Human ingenuity will ensure that we do not make 
the earth unliveable 
0 1 2 3 4 
Humans are severely abusing the environment 4 3 2 1 0 
The earth has plenty of natural resources if we just 
learn how to develop them 
0 1 2 3 4 
Plants and animals have as much right as humans to 
exist 
4 3 2 1 0 
The balance of nature is strong enough to cope with 
the impact of modern industrial norms 
0 1 2 3 4 
Despite our special abilities, humans are still subject 
to the laws of nature 
4 3 2 1 0 
The so-called ‘ecological crisis’ facing human kind has 
been greatly exaggerated 
0 1 2 3 4 
The earth is like a spaceship with very limited room 
and resources 
4 3 2 1 0 
Humans were meant to rule over the rest of nature 0 1 2 3 4 
The balance of nature is very delicate and easily 
upset 
4 3 2 1 0 
Humans will eventually learn enough about how 
nature works to be able to control it  
0 1 2 3 4 
If things continue on their present course, we will 
soon experience a major ecological catastrophe 
4 3 2 1 0 
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The householders’ pro-environmental behavioural score was given as a result of the 
responses provided by participants to 25 statements on pro-environmental 
behaviours around the home, as shown in Table 7. The responses were given by 
ticking a box on a four-point scale ranging from ‘always’ (four points awarded) to 
‘never’ (one point awarded). The mean score of all 25 responses were used to 
compare responses. 
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Table 7. Pro-environmental behaviours 
Q 
by: 
Please take some time to consider each statement below and tick whether you do the action always, mostly, 
occasionally or never. 
  Always Mostly Occasionally 
Never 
D Make compost out of kitchen waste 4 3 2 1 
D Take cans to a can-bank or separate cans from rubbish so that they can be collected for 
recycling 
4 3 2 1 
D Take paper to a paper-bank or separate paper from rubbish so that it can be collected for 
recycling 
4 3 2 1 
D Take glass to a bottle bank or separate paper from rubbish so that it can be collected for 
recycling 
4 3 2 1 
D Deliberately use public transport, walk or cycle instead of using a car 4 3 2 1 
R Avoid making unnecessary journeys (e.g. do fewer, bigger shopping trips) 4 3 2 1 
R Buy locally produced food and drinks 4 3 2 1 
R Buy locally produced organic food and drinks 4 3 2 1 
R Order items online instead of making a journey to a shop 4 3 2 1 
R Limit the amount of journeys you make by air 4 3 2 1 
R Turn electrical items off standby when not in use 4 3 2 1 
SE Buy energy efficient products (e.g. light bulbs, washing machines) 4 3 2 1 
R Put on a jumper instead of turning up the heating 4 3 2 1 
R Turn lights off when not in use 4 3 2 1 
R Make meals from scratch rather than ready-to-eat meals 4 3 2 1 
SE Wait until the washing machine is full before running a wash cycle 4 3 2 1 
SE Reduce the amount of water used in flushing the toilet 4 3 2 1 
D Buy a particular product because it has less packaging 4 3 2 1 
D Use a concentrated washing powder, or concentrated liquid or tablets in your washing 
machine 
4 3 2 1 
R Buy water efficient appliances (e.g. washing machines, dishwashers – if you live in rented 
accommodation and have such appliances provided please leave blank) 
4 3 2 1 
SE Use less water in the kettle when you boil it 4 3 2 1 
SE Buy environmentally friendly toilet roll and/or kitchen paper (e.g. recycled or non-bleached) 4 3 2 1 
R Try to limit the amount of meat and meat products you buy 4 3 2 1 
R Buy non-local organic food (e.g. buy food that is organic but not produced locally) 4 3 2 1 
SE Buy washing powders/liquids and household cleaners that are kinder to the environment 4 3 2 1 
D = DEFRA (2001), SE = Scottish Executive (2002), R = Reid (2010) 
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The statements were adopted from the study by Reid (2010), which combined 
questions from the 2001 DEFRA ‘Survey of public attitudes to quality of life and the 
environment’ and the 2002 ‘Survey of public attitudes to the environment in 
Scotland’ both of which aimed to inform policy-makers. Reid (2010) removed some 
questions from the DEFRA and SE surveys, in addition to adding more to cover a 
broader perspective of household pro-environmental behaviour to include ‘food & 
drink’, ‘waste’, ‘travel’, ‘energy’ and ‘water’ behaviours in the home. As the aim of 
the questionnaire in the present study was to assess pro-environmental behaviours 
of householders’ in a broad sense, the same questions have been adopted in the 
present study. This has an additional benefit of allowing comparison of results from 
the current study, with Reid’s study (2010). Whilst it seems crude to categorise 
people based on questionnaire responses, this exercise assisted in describing the 
case study households.  
3.6 Quantitative data collection from the home 
This sub-section presents the methods of data collection from the home, which, 
were used to quantify the indoor environment and energy efficiency of the home. 
3.6.1 Building surveys 
The data gathered during the building surveys informed the SAP model version, in 
addition to providing insight into energy efficiency measures already installed. The 
details gathered by the researcher included building archetype, geometry (floor, 
wall, window and doors), construction details (of walls, floors and roofs, and glazing 
details including frame materials), boiler make and model, method of heating 
control, secondary heat sources and lighting. Notes were made on unusual building 
or service condition details, previously installed measures and the level of shading 
from trees and neighbouring properties. Photographs were taken of the front and 
back of the house, in addition to any measures due to be replaced; these were used 
as a guide for the researcher to check details during the modelling process. The 
orientation of the buildings was gathered using Google maps (Google, 2016). Some 
of these data recorded were provided during interviews, which allowed 
triangulation for validation. 
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3.6.2 Air leakage tests 
‘Air leakage’ is a property of building fabric which is most important to understand 
ventilation (Sherman and Chan, 2006). However, the fan pressurisation or blower-
door method, measures the air leakage or air leakage rate of a building fabric, not 
ventilation specifically (Stephen, 1998). Although the air infiltration and exfiltration 
are not measured directly by this test, the test results can be used to estimate them 
by means of calculation (ISO 9972, 2006). A simplified method of doing this, is 
dividing the air leakage test result by 20 to estimate the ac/h at ambient air 
pressure (Sherman, 1987). During the study, following literature reviewing and 
reflections following the pre-refurbishment interview, it became apparent that 
undertaking an air leakage pre and post-refurbishment would be beneficial in 
providing a measured input to the model and insight through measurement of how 
‘draughty’ the properties were. It was therefore added as a late addition to the 
study, and measured pre and post for most participating households, but just post-
refurbishment for two households due to timing (one household) and pre-
refurbishment test failure (one household). Test Type A was used in accordance 
with the guidance ISO 9972. These data were used as an input to the energy 
performance model to increase the accuracy of the models. The results used were 
the ‘Q50’ value (m3/ (h*m2 surface area) @ 50 Pascal) pre and post-refurbishment. 
This value is based on the envelope of the building, divided by the airflow rate.  
3.6.3 Air temperature and relative humidity data 
Air temperature and relative humidity data were collected to provide 
measurements pre and post refurbishment. In addition, the air temperature data 
were an input to the version of the SAP model used. Air temperature data were 
collected from all rooms, and the garden using Hoboware temperature pendants; in 
the living rooms air temperature plus relative humidity were collected using the 
Hoboware U10 sensors and data loggers, as summarised in Appendix 1. 
For each case study household, the HOBO temperature pendant was installed in 
each room (away from radiators and direct sunlight at a height closest to 2m) to 
measure and log air temperature, according to product advice. Some data loggers 
were new and calibrated by the manufacturer. Using multiple data loggers per 
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home minimised the impact of error resulting from individual data loggers, when 
calculating whole house mean temperatures. There was also one pendant 
positioned outside the house (in a shaded position) for the external temperature. 
The temperature data were collected at 15 minute intervals for the first four weeks 
and then for 30 minute intervals from there onwards, as this extended the length of 
data storage; collecting at 30 minute intervals extends the data collection period 
from 64 days to 130 days which provides a longer period of evaluation and fewer 
property visits whilst still providing adequate data. The initial plan was to collect 
measured indoor air temperature pre and post-refurbishment for four weeks, 
however, following further literature reviewing and reflections, it was recognised 
that gathering data for each month of the year would provide useful model input 
data, and the length of monitoring was therefore extended, where participants 
consented for this extension as detailed in section 3.8.2: Data collection changes. 
3.6.4 Gas meter readings 
Gas meter readings were used to quantify the household energy consumption and 
validate the energy performance models. These were taken by the researcher at the 
start of the data collection and then again at the end of a four week period by the 
householder during 2013. They were taken by the householders’ at the start and 
end of a four week period during 2014; these were not always verified by the 
researcher which provides room for error. Some householders’ continued to take 
either weekly or monthly meter readings throughout the year; some were unable to 
take meter readings. Reminder prompts were sent by letter, email or text, where 
possible.  
3.6.5 Energy performance modelling 
Energy performance modelling was necessary to provide a calculated estimate of 
the space heating energy demand and subsequent CO2 emissions of the homes pre 
and post refurbishment. The case study households were modelled using a modified 
version of the UK Government’s Standard Assessment Procedure version 9.90 2009,  
in the form of an Excel spreadsheet that allows any of the model inputs, parameters 
and algorithms to be changed (Allinson, 2010).  The algorithms within the model are 
all based on BREDEM-8, which is a monthly version of the physically based BREDEM 
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model (Firth et al, 2009). A number of model inputs were derived from the data 
collected from households’ pre and post refurbishment. These data are outlined in 
chapter 7. These included temperature and weather data (for which measured post-
values were used for pre and post calculations to allow comparability, see section 
7.2.1); Building dimensions (7.2.2); Ventilation and infiltration rates (7.2.3); Fabric 
heat loss (7.2.4); Primary and secondary heat source efficiencies (7.2.5) and other 
model inputs (7.2.6). Using the modelled data the calculation of payback for the 
refurbishment measures (7.2.7) was made.  
3.7 Quantitative data analysis 
This sub-section provides detail on how the quantitative data were analysed to 
provide insight into indoor environment and space heating energy demand. 
3.7.1 Air changes per hour 
The air changes per hour were calculated from the Q50 air leakage test result, as 
this was at a pressure of 50 Pascal it was converted to natural air changes per hour, 
by dividing the figure by 20, as shown in Equation 1 and used previously by Sherman 
(1987 and 2006). Sherman (1987) named this the K-P model (h-1) after personal 
communications with Kronvall and Persily (Sherman, 1987). Whilst this somewhat 
simplifies the calculation, ignoring aspects of the infiltration process, it provides 
qualitatively reasonable results (Sherman, 1987): 
Equation 1. Calculation of air changes per hour 
ACH = ACH 50 / 20 
3.7.2 Air temperature data analysis 
The air temperature data analysis process started with data cleaning and 
manipulation, before calculating monthly means and then using simple linear 
regression to establish the relationship between the indoor and outdoor 
temperature, in addition to finding missing monthly values where necessary. These 
steps are detailed further in the following paragraphs. 
The air temperature data were ‘cleaned’ to check for gaps in the data sheets, or 
spot any unusual values which could be false readings. Firstly, the data stored on 
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each Hobo temperature pendant were downloaded individually to the HOBOware 
software and then exported as table data in csv. files for use in Microsoft Excel. 
Once in Excel, the separate data files from each data logging period were merged 
for each room, to create a consistent flow of readings throughout the logging 
periods. Most households had four to five data logging periods of up to three 
months in length (maximum 6245 data points for each period). The data collection 
periods are summarised in Table 3 and Appendix 2. Some households, or rooms, 
had gaps in the data where sensors had reached their full capacity before another 
home visit was made to download and re-launch the data. The files were then saved 
as .xlsx files. Graphs were made of the data to visually inspect the temperatures and 
ensure they did not appear excessively higher or lower, than would be expected, at 
any point. 
Monthly means were created with the air temperature data, for insight into mean 
values and as inputs to the SAP model which includes mean monthly values as a 
standard input which is usually driven by algorithms, but was based on 
measurements in the present study. This was done by first creating a date 
representation column, then calculating the mean values if the data date in that 
row equated to the date representation. Equation 2 was used in Excel to create the 
date representation. 
Equation 2. Date representation 
=month (d) + year (d) * 10000 
Where d is the date cell, this would produce a number such as 32013 for March 
2013. A list column of data representation values were created: 32013, 42013, 
52013, etc. Once these columns were created, Equation 3 was used. 
Equation 3. Finding the monthly mean using Excel 
=average (if ($f$2:$f$6000=g2, $c$2:$c$6000)) 
Where f2:f6000 are the date representation values, g2 is the date representation 
list column and c2:c6000 is the air temperature, or relative humidity data. Then $ is 
added to run the calculation across all data. The same method was used to calculate 
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the maximum and minimum monthly values, by replacing ‘average’ for ‘maximum’ 
and ‘minimum’.  
Floor-area weighted monthly means were calculated from the air temperature data 
using this data to ensure whole-house monthly mean temperatures were 
representative of the floor space measured. This was carried out using Equation 4. 
Equation 4. The calculation of floor-area weighted monthly mean air temperature 
(R1t/R1a+R2t/R2a+R3t/R3a+R4t/R4a+R5t/R5a)/ (R1a+R2a+R3a+R4a+R5a) 
Where R1t is the monthly mean of room 1, R1a is the floor area of room1. This was 
repeated for each room within the home. 
The air temperature data were then filtered by time and copied into a new Excel 
sheet, to gather monthly means, maximums and minimums for occupied (living 
rooms 19:00 to 22:00). 
3.7.3 Normalised temperatures 
Simple linear regression was used to compare the relationship between the internal 
(dependent variable) and external air temperatures (independent variables) pre and 
post refurbishment (00:00 to 06:00). The data were normalised to 5oC, to enable 
fair comparison pre and post-refurbishment, as in previous research by Oreszczyn et 
al (2006) and Summerfield et al (2007). Summerfield et al (2007) recognised that 
5oC is slightly below the average outdoor temperature during the heating season 
but this allowed comparison between these two previous studies so the same 
method was adopted in the present study. In preparation for this, the data of any 
24-hour period where the outdoor air temperature exceeded 15oC at least once 
within that period were excluded, to ensure the data used was during an 
adequately cold spell when the heating would be needed.  The linear regression 
equation (e.g. y = 0.4826x + 8.982) was placed into a spreadsheet, replacing ‘x’ for 5 
(e.g. B column: 0.4826, C column: 5 and D column: 8.982), the equation was then 
calculated per living room (e.g. 0.4826*5 +8.982), to calculate the living room 
temperature, normalised to an outdoor temperature of 5oC. 
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3.7.4 Relative humidity data and analysis 
The relative humidity data collected using a U10 HOBO pendant (as detailed in 
Appendix 1) measured and logged relative humidity (and temperature) at 15 minute 
intervals from the living room of each case study household. This was used to 
provide insight into whether the refurbishment had an impact on relative humidity 
within the living spaces of each home. These data were cleaned and then used to 
find monthly means, using the same method as the temperature data, detailed 
previously. 
3.7.5 Normalised space heating fuel data 
The pre and post meter reading dates dictated the periods selected for outdoor air 
temperature data used to standardise indoor air temperature. These data were 
used to generate normalised space heating fuel consumption to account for the 
variation in indoor-outdoor temperature and household floor area using Equation 5. 
Equation 5. Normalised space heating fuel consumption 
𝐸𝐸month =  𝑄𝑄DD ∗ 𝐴𝐴𝐴𝐴 
Where Emonth was the monitored and normalised space heating gas consumption 
(kWh/m2/day), Q was the space heating gas consumption (kWh) derived from the 
monitored total fuel data. DD the heating degree days (Celsius) over the monitored 
period and Af was the gross internal floor area (m2) of the case study home, this is 
based on the calculation for normalised space heating fuel consumption adopted by 
Hong et al. (2006). The amount of gas use per meter reading estimated to be used 
for space heating was used by either deducting a period of measured gas usage 
(based on meter readings) of the same length of time during the summer months, 
thus assuming similar levels of gas are used for cooking, washing and bathing during 
cold months; or through using an average percentage figure to estimate the gas 
used for space heating. The average percentage figure of 77% of gas use 
accountable for space heating was derived by scaling up the percentage of total 
domestic energy use that space heating accounts for within gas use (DECC, 2014d). 
To further explain, the data of total domestic energy use was broken down by fuel 
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type and the typical percentage of gas use attributable to space heating was then 
extracted from the data. 
3.7.6 Degree days 
Degree days were used to estimate the amount of energy used with consideration 
of the change in outdoor temperature when it fell below 15.5oC. These were 
calculated from the measured outdoor air temperature using Equation 6. 
Equation 6. Heating degree days 
DD = � (𝑇𝑇base − 𝑇𝑇ext)
mon.days  
Where DD is the heating degree days over the monitored period (Kelvin day), Tbase 
the daily mean base temperature (oC), Text the daily mean measured external 
temperature (oC) and mon.days is the total number of monitored days. The base 
temperature used pre and post refurbishment was 15.5oC as in previous research 
(Firth et al, 2009 and CIBSE, 2015), 15.5oC is considered to be the average outdoor 
temperature threshold for heating systems to activate (CIBSE, 2015); where heating 
to around 18oC.  Up to 2.5oC and beyond is considered to be created by internal 
heat gains, or solar heat gains to reach a minimum of 18oC otherwise. The average 
figure of 15.5oC was chosen for this purpose to allow comparison between 
households based on heating degree days. 
3.7.7 Payback calculations 
Payback calculations were used to estimate the length of time needed for the 
predicted energy savings resulting from energy efficiency measures to result in the 
amount equal to the initial investment. Simple payback calculations were used, as 
shown in Equation 7. Whilst the simple payback method does not take account of 
inflation (Hopfe and McLeod, 2015), it provides a useful estimate of payback 
durations per measures. 
Equation 7. Payback calculations 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑃𝑃𝑃𝑃𝑝𝑝𝑝𝑝𝑐𝑐𝑃𝑃𝑐𝑐 𝑝𝑝𝑖𝑖𝑖𝑖𝑝𝑝𝑖𝑖𝑐𝑐𝑖𝑖𝑝𝑝𝑖𝑖𝑐𝑐
𝑃𝑃𝑖𝑖𝑖𝑖𝑎𝑎𝑃𝑃𝑐𝑐 𝑝𝑝𝑖𝑖𝑃𝑃𝑝𝑝𝑖𝑖𝑝𝑝  
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3.8 Ethical considerations 
Ethics is the branch of philosophy which addresses questions about ethics and 
morals (Wiles, 2013). In undertaking ethical research, moral judgements must be 
made. Ethical dilemmas can occur when one is unsure what the right thing to do is 
within a situation. Loughborough University provided an ethical guideline which 
acted as a framework during the planning stage and was abided to throughout the 
study. However, as Wiles (2013) recognised, ethical issues often appear 
unexpectedly during the research. In this case issues were discussed with 
supervisors as they arose and further applications made for ethical clearance where 
necessary. Prior to recruiting participants, the participant information sheet and 
consent sheet were designed and created by the researcher and approved by the 
University Ethical Committee. A copy of a participant information sheet is provided 
in Appendix 3 and evidence of gaining ethical approval is provided in Appendix. The 
researcher ensured the participants were informed, consenting and happy with the 
processes taking place, as they arose throughout the study. In relation to gifts, 
participants were provided with a packet of biscuits during each interview and a 
home-baked cake at the end of the study; all to meet any particular dietary 
requirements the participants specified. Householders’ were also offered the data 
gathered from their home, following the completion of the PhD study. 
3.8.1 Risk assessment 
To ensure working practices within the data collection process were safe and all 
posed no risk to householders’, a risk assessment was undertaken. At 
Loughborough University, this is necessary before any research can proceed. The 
risk assessment document outlined the severity level of each risk and how this will 
be managed. This form was then checked by a senior member of staff who clarified 
any ambiguities verbally before signing off the data collection processes. The signed 
risk assessment record is provided in Appendix 5. 
3.8.2 Data collection changes 
Two changes were made to the initial data collection plan; to collect air 
temperature data for a longer period and to carry out air leakage tests. These 
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decisions were made primarily to increase accuracy of the energy performance 
modelling, following reflections from the pre-refurbishment interview and further 
literature reviewing. Therefore, a second risk assessment was carried out and 
signed off in May 2013 and ethical approval was then granted by Loughborough 
University Ethical Advisory Committee in May 2013. 
3.9 Research validity 
Ensuring research validity is vital to ensure the findings are transferable and 
accurate. In the present research, qualitative data was triangulated with 
quantitative data in terms of comfort and energy parameters. Furthermore, the 
process of gathering data over a period of a year enabled any uncertainties in 
descriptive data relating to the property and measures installed to be recorded and 
checked during a following visit. The findings of the interviews were effectively 
analysed twice; once manually and once using NVivo, which enabled the researcher 
to become very familiar with the content, thus reducing the chance of missing a key 
theme. The themes selected the first time were checked to ensure they were valid. 
Some were merged the second time and some new ones were added. The relatively 
small sample size allowed the researcher to develop a good professional 
relationship with the research participants over the period of study, which was 
considered to be a positive in understanding their perspective and appeared to 
encourage open and honest communication. 
3.10 Pilot studies 
Each interview was piloted to check the length of time needed, check the flow of 
questions, find out if any questions felt uncomfortable and gather general feedback 
on the questions, interview style and whether it was an interesting experience for 
the participants. The phase 1 interview was pre-piloted and then piloted. The pre-
pilots were carried out with two separate PhD researchers in the research office at 
Loughborough University School of Civil and Building Engineering. The pilot study 
was carried out with a household at the planning stage of a refurbishment; also a 
researcher from Loughborough University. The phase 2 interview script was piloted 
with a household who had recently had solar PV and a new boiler in addition to 
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solar thermal panels installed, who the researcher found through a local community 
group and who was also the father on a case study household. Phase 3 interview 
was piloted with a fellow PhD researcher in the research hub of the Civil and 
Building Engineering Department. The categorising survey was also piloted with 
research colleagues. 
The quantitative data collection methods were piloted in the researchers own home 
and parents home or in the Loughborough University test houses. The building 
surveys, air temperature and relative humidity and energy performance modelling 
were all piloted within the researchers own home, the air temperature 
measurement in the researcher’s parent’s home and air leakage tests were piloted 
in the researcher’s own home and Loughborough University test house following 
guidance from a fellow researcher in a second Loughborough University test house. 
Following each pilot the data were explored and part analysed to test uploading 
data and then data analysis methods.  
Experience gained from previous studies involving qualitative and quantitative data 
collection and analysis aided these pilot studies. 
3.11 Data collection phase summaries 
The following four sub-sections provide summaries of the data collection methods 
used during each phase, as summarised in Table 3 of section 3.3: Research design 
and data collection phases. 
3.11.1 Phase 1: Pre-refurbishment 
The pre-refurbishment phase consisted of semi-structured interviews (the interview 
script is shown in Appendix 6, followed by an example of a transcript in Appendix 7), 
building surveys, the installation of air-temperature and relative humidity monitors 
and air leakage tests. The semi-structured interviews with householders’, in their 
homes were used to for householders’ to describe their refurbishment plans and 
expectations (in terms of process, comfort and energy demand), their household 
makeup and for indoor environment to be assessed, during which the participants 
filled in seven point scale comfort assessments on thermal environment comfort, 
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draughts, air quality, noise, aesthetics and light. The participants marked on the 
scales how they felt at the time of interview. In addition, the participants sketched a 
floorplan of the home in which they cold mark on particular spots which were either 
draughty (D) or damp (d). These were then used as a guide in the post-interview to 
assess whether households had noticed any change to those areas. 
Following the interview during the first visit, a building survey was undertaken 
during which time the participants’ had the option to walk around the house with 
the researcher, some opted to do so, and some went and did something else in the 
home. An example of a measured survey sketch is provided in Appendix 11. Once 
the survey was complete the air temperature and relative humidity sensors were 
set up. An example of measured temperature data is provided in Appendix 
12.Before leaving the gas and electricity meter readings were taken, then again four 
weeks later. An example of a spreadsheet of gas meter readings is provided in 
Appendix 13. Lastly, photographs were taken of the front and back of the house, 
and any unusual details assist during the modelling process. These visits took place 
between March (H1, H2), April, (H3, H4, H5, H6, H7, H8, H9) and July 2013 (H10).  
A second visit was made to case study households during the pre-refurbishment 
phase to undertake the air leakage tests pre-refurbishment, for households who 
consented for this to take place (H1, H2, H3, H5, H9 and H10); two households 
opted out of this test, and two only received post-refurbishment tests. An example 
of an air-leakage test report is provided in Appendix 14. During the test, 
householders’ remained inside the property and were advised to make themselves 
comfortable but keep still to minimise their impact on air-flow, which could affect 
the results. Each householder appeared find the process quite novel and take 
interest in the results, some provided assistance in creating space and setting up in 
doorways. One household had an open fire which created a little mess, even though 
it was swept pre-test, so the researcher ensured this was fully cleaned before 
leaving the property. One cat found the process quite disturbing and hid behind 
some furniture, this same cat found the refurbishment process disruptive. In future 
it would be advised for cats to be outside the property during air leakage tests. 
These tests took place in May and June 2013 
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3.11.2 Phase 2: Soon-after refurbishment  
Phase 2 interviews took place as soon after the refurbishment as possible and 
usually within one week of refurbishment completion. These were between August 
2013 and May 2014 depending on when the households completed their 
refurbishment. This interview was used to capture experiences of the 
refurbishment process itself so collecting the data shortly afterwards minimised the 
chance of householders’ forgetting key parts of the experience including their 
thoughts feelings throughout the process. These interviews usually lasted 20-45 
minutes, but longer if the participants chose to take longer to discuss the topics. 
The script of phase 2 interviews is provided in Appendix 8. 
3.11.3 Phase 3: Post-refurbishment interview 
The post refurbishment interviews were held in February 2014 (H3), March 2014 
(H6, H7, H8, H9, and H10), April 2014 (H2, H5), early May 2014 (H1) and July (H4). 
As H4 was interviewed after the 2014 heating season, the meter reading and 
temperature data gathered post-refurbishment were taken in October 2014, at 
which stage comments on comfort were also provided.  The script for phase 3 
interviews is provided in Appendix 9. 
During the final interview, the categorising surveys (as shown in Appendix 10) were 
carried out with householders’, these surveys consisted of two sides of A4 with a 
combination of tick box and open-ended response questions and took around 10 
minutes to complete. Post-refurbishment air leakage tests were held in August 2013 
(H9) and May-June 2014 (H1, H2, H4, H8 and H10). For H6 it was carried out May 
2013 following installation of their new windows (H6 did not proceed with further 
planned measures). Post-refurbishment the energy performance models were 
adjusted following the addition of energy efficiency measures and post-
refurbishment air leakage test results and monthly mean floor-area-weighted 
indoor air temperature measurements. An example of a modified SAP model is 
provided in Appendix 15. Meter readings taken post-refurbishment were compared 
with meter readings pre-refurbishment and normalised according to outdoor air 
temperature measurements and indoor floor area. 
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3.11.4 Phase 0: Throughout  
The air-temperature and relative humidity data were collected for one year from 
the date of the initial visit during the winter of 2012/2013 to the same time during 
2014. The original plan was to monitor for only four weeks periods during the 
winter before and again during the winter after the refurbishment. However, it was 
since decided that collecting for a full year would improve the accuracy of the 
SAP09 modelling. This change was cleared by Loughborough University Ethical 
Advisory Committee in May 2013. One household opted to remain on the original 
data collection plan of two four week periods pre and post-refurbishment. The start 
and final dates for all air temperature and relative humidity data collection are 
included in Table 8.  
Table 8. Start and end dates for monitored data in the home  
Case  H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 
Start (2013) 25-Mar 26-Mar 28-Mar 04-Apr 12-Apr 08-Apr 12-Apr 17-Apr 22-Apr 01-Jul 
Finish (2014) 15-May 15-May 28-Feb 29-Oct 07-May 15-May 01-May 14-Jul 09-Jun 15-May 
Total months 14 14 3 19 13 13 13 15 14 10 
 
Further detail on the air temperature data collection periods and missing data 
periods are provided in Appendix 2. A summary of data collection methods per 
phase was provided in Table 3. 
3.12 Chapter summary  
This chapter has summarised the methodology and research design. A pragmatic 
mixed-method approach was taken combining qualitative and quantitative data 
collection techniques, which was considered necessary to fully describe the 
householder experiences of energy efficiency refurbishment whilst enabling 
quantitative measurements to be triangulated with qualitative findings. The 
qualitative data consisted of semi-structured interviews with householders’ held 
pre, during and post refurbishment, spanning one year and incorporating cold 
weather month’s pre and post. Categorising surveys were used to gather 
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householder’s socio-demographic information and pro-environmental attitudes and 
behaviour. The quantitative data collection for the home included building surveys, 
pre and post-refurbishment air leakage tests, air-temperature and relative humidity 
measurements (taken for one full year in most households), gas meter readings and 
energy-performance modelling using a modified version of SAP 2009. Prior to data 
collection taking place in case study households each method of data collection was 
piloted. Ethical considerations were taken seriously and data collection was cleared 
by Loughborough University Ethical Committee. Risk assessments were carried out 
and checked by Loughborough University. Some changes to data collection did 
occur during the study and these were re-checked with the ethical committee 
before taking place. 
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4. CASE STUDY CHARACTERISTICS  
4.1 Introduction  
This chapter presents the characteristics of participating households (4.2) and their 
home (4.1). These data were collected during interviews, questionnaires and 
building surveys, as described in Chapter 3.  
4.2 Household characteristics 
The household characteristics include socio-demographic data, environmental 
attitudes and pro-environmental behaviour. 
4.2.1 Socio-demographic data 
The descriptive socio-demographic householder data gathered is shown in Table 9. 
Table 9. Household characteristics: Descriptive data 
Case Permanent 
household 
members 
Persons age 
and gender*  
Household 
Income 
Education Occupation(/s) 
H1 2 40sM, 40sF 24,000- 
36,999 
Post-grad x 2 Primary teacher(F), youth & 
community worker (M) 
H2 2 40s F (40sF) 4,000-  
6,999 
Degree x 2 Violin teacher (and unknown) 
H3 2 57M (57F) 44,000- 
56,000 
Post-grad (M) Lecturer (M), lay minister/ church 
administrator (F) 
H4 2 46M (44F) 57,000- 
66,999 
Degree (M) 
post-grad (F) 
Gardener/engineer/builder/home 
maker (M), university professor (F) 
H5 2 29F, 32M 24,000- 
36,999 
Degree x 2 Scientist (M), Researcher (F) 
H6 3 33F, 41F (3 mth) 24,000- 
36,999 
Post-grad x 2 Psychotherapist, GP 
H7 1 49F 24,000- 
39,999 
GCSE Registered nurse 
H8 2 41M (35F + 
0M** 
57,000- 
66,999 
Post-grad x 2 Lecturer/civil engineer (M), social 
worker (F) 
H9 3 (4 from 
2013) 
33M (32F, 2F + 
0M**) 
24,000- 
36,999 
Degree x 2 Creative director/company owner 
(M), civil servant (F) 
H10 1 (4 x half 
week) 
39M (6, 7, 9, 
20***) 
12,000-
16,999 
Degree Stock control co-ordinator 
• *Age of householders’ during the pre-refurbishment interview in 2013, those in brackets not interviewed                                                                                                                                                     
**0 displayed where a household member was pregnant at the time of pre-refurbishment interview                                                          
***these household members only stay in the home for three nights per week 
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4.2.1 Life stage 
According to the seven categories defined by Munro and Leather (2000): young 
household, household with children, potential mover, empty nester/pre-retirement, 
older household and dissolution/death. One (H5) was a young household who 
recently moved preparing to make investments in the home; four (H6, H8, H9, H10) 
were households with young children who tackle problems as they arise but have 
concern for protecting young children from disruption and mess; and five are either 
empty nesters or pre-retirement age (H1, H2, H3, H4 and H6). In addition, H9 fitted 
into the potential mover category and H5 were estimating to remain in the property 
approximately five years, both considered the impact of the refurbishment on 
property value. Whilst four were classified as households with young children, three 
of those were planning to make the home more comfortable for a new baby. 
4.2.2 Environmental attitudes 
The mean results of the environmental attitude statements per participant are 
presented in Figure 1. As four was the highest environmental attitude score, those 
with response means closest to four are considered to have the more ‘pro-
environmental’ attitudes by the survey and analysis method. H1, H2, H6 and H9 had 
a mean score between 3 and 4. 
 
Figure 1. Participants’ environmental attitude mean scores 
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4.2.3 Pro-environmental behaviour 
The pro-environmental behaviour score means are presented in Figure 2, alongside 
the mean score from Reid’s study (2010), which is detailed in Chapter 3. This shows 
similar patterns to the results presented in Figure 2. Each case study and the total 
mean score is above the mean scores found by Reid (2014) which highlights their 
pro-environmental behaviours in the home, when compared with the previous 
study. 
 
Figure 2. Pro-environmental behaviour mean scores (f = female, m = male, b = both) 
4.3 Home characteristics 
The home characteristics include property details, refurbishment measures, 
construction materials and space heating appliances.  
4.3.1 Property details 
The property details are shown in Table 10, including (gross internal) floor area. 
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Table 10. Case study property details 
Case Location Year built Year bought House type Gross Internal 
Floor Area (m2) 
H1 Leicester 1930s 2005 Semi-detached 91.3 
H2 Leicester 1934 2010 Semi-detached 82.8 
H3 Loughborough 1982 1992 Detached 107.5 
H4 pre Nottingham 
 
1925 2004/05- Semi-detached 
  
71.7 
H4 post 1925 + loft converted: 2014 139.1 
H5 Harrogate 1964 2013 Semi-detached 87.6 
H6 Leicester 1950s 2011 Semi-detached 90.8 
H7 Norfolk 16/1700s 1997 Detached 136.2 
H8 pre Loughborough 
 
1937 2004 
 
Semi-detached 
 
76 
H8 post 1937 + extension: 2013 83.7 
H9 Leicestershire 1950-60s 2008 Semi-detached 82 
H10 Loughborough 1970s 2002 Semi-detached 109.8 
4.3.2 Refurbishment measures 
The refurbishment measures included within the study were insulation measures, 
window and boiler replacements. For some households these measures fitted 
within a broader refurbishment of the home. For example, H4 carried out a whole-
house refurbishment, aiming to achieve Passive House standards and as part of this 
extended into the loft-space to create a new bedroom and en-suite shower room, in 
addition to removing an old lobby space and creating a fully open plan living area. 
The refurbishment included the installation of underfloor heating with a new 
concrete floor and adding solar thermal panels to be later connected alongside PV 
panels. H4 paid particular attention to thermal bridging, for example the 
refurbishment included the digging of a trench around the external walls for the 
insulation to extend beyond the floor level into. For H5, the refurbishment came 
following a move into the home so a whole-house re-decoration took place 
including the replacement of kitchen units and the bathroom suite. For H8, the 
refurbishment was part of an extension build and a new boiler was sized to 
accommodate the extra floor area created. Table 11 summarises the measures and 
the following two sections (4.3.3 and 4.3.4) provide further detail on the measures. 
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Table 11. An overview of the measures installed 
Case Insulation Windows Heating Draught 
proofing 
Other measures  
H1 EWI: 100mm polystyrene 
panels with render 
Triple UPVC 
glazing to front 
windows 
- Yes - 
H2 EWI: 100mm Celotex panels 
with render 
- - Yes Electric cables refitted 
externally 
H3 - - Boiler: Worcester 
Bosch, plus hot water 
tank, 2 x radiators 
and replacement of 
faulty pipework. 
- Boiler set up for later 
integration with solar 
thermal. 
H4  EWI: 200mm Celotex panels 
(including dug trench) 
Underfloor: 500mm low-
grade insulation with thin 
concrete slab under 
insulation. Solid polished 
concrete floor above. 
Roof insulation: 150mm re-
used fibre glass below rafters 
Air leakage sealing: airtight 
membrane & Contega PV 
tape 
Triple glazing 
throughout 
Boiler: Worcester 
Bosch 
Solar thermal panel 
MVHR 
Radiators x 2 & towel 
rail on first floor 
Underfloor heating 
on ground floor. 
Partly heated by solar 
thermal panels – runs 
at low temperature. 
Yes Part of whole-house energy 
efficiency refurbishment, 
targeting equivalent to 
Passive House standard. 
Extended into roof space 
and created a new en-suite 
between new first floor 
bedroom and party wall. 
Tried to minimise 
excavation under floor to 
reduce skips. 
New programmer installed. 
H5 CWI: Mineral wool - Boiler: Ideal Logic Yes Part of whole-house 
redecoration including new 
bathroom and kitchen. 
New programmer installed. 
H6 Planned EWI not installed. Triple glazing 
patio doors and 
kitchen window 
in open plan 
living space. 
- - - 
H7 - Whole house 
double glazing 
to replace single 
glazing. 
- - - 
H8  - - New boiler sized to 
accommodate 
extension space. 
- Project fits within extension 
build including new 
windows and radiator in 
extension. New 
programmer installed. 
H9 - Replacement 
double glazed 
window x 1. 
New boiler. - New programmer. 
H10 Planned IWI not installed. - New boiler. - New programmer installed.  
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4.3.3 Construction details 
Construction details for homes, both pre and post refurbishment, are presented in 
Table 12; corresponding U-values in Table 33, Chapter 7. 
Table 12. Case study home construction details 
    Walls Floor Roof Windows  Velux  Doors Lobby 
H1 Pre Solid brick Suspended 
timber 
Insulated cold 
pitched 
SG n/a Timber/ 
glass 
At front 
Post Solid brick +  
EWI 
“ “ TG front, 
SG back 
“ “ “ 
H2 Pre Solid brick Insulated 
suspended 
timber 
Insulated cold 
pitched 
DG/ 
secondar
y glazed 
n/a UPVC 
front + 
timber/ 
glass rear 
At rear 
Post Solid brick + 
EWI 
“ “ “  “  
H3 Pre 
& 
post 
Insulated 
cavity 
Solid Insulated (old) 
cold pitched 
DG n/a Solid 
timber/ 
glass 
At front 
H4 Pre Solid brick/ 
cavity at 
bottom 
Suspended timber 
(49.63m2) + 
Solid concrete/ 
solid insulated 
concrete (11.83m2) 
Cold pitched 
roof 
DG n/a Timber/ 
glass 
At front 
Post Solid brick + 
double EWI 
Solid insulated 
concrete 
Double 
insulated at 
rafters 
TG DG Triple 
glazed 
glass 
No 
H5 Pre Cavity walls Suspended 
timber 
Cold pitched 
(old insulation) 
DG n/a UPVC/ 
timber/ 
glass 
At rear 
Post Insulated 
cavity walls 
“ “ “  “  
H6 Pre Solid brick Insulated 
suspended 
timber 
Insulated cold 
pitched 
Old DG n/a UPVC/tim
ber 
Side 
door to 
garage 
Post “ “ “ Old DG 
(14.93m2) + 
TG (5.78m2) 
“ “ “ 
H7 Pre Thick solid 
stone walls 
Suspended 
timber 
Cold pitched 
(old insulation) 
SG DG UPVC/ 
timber/ 
glass 
Front 
and 
rear 
Post “ “ “ DG DG “ “ 
H8 Pre Solid brick Suspended 
timber 
Insulated cold 
pitched 
DG n/a UPVC No 
Post Solid brick + 
insulated 
cavity 
(extension) 
Suspended 
timber + 
insulated solid 
(extension) 
Insulated cold 
pitched + 
Insulated at 
rafters 
(extension) 
DG DG UPVC/ 
glass 
 
H9 Pre 
& 
post 
Solid 
concrete 
Solid concrete Uninsulated 
pitched – used 
loft space 
DG DG UPVC/ 
glass 
No 
H10 Pre 
& 
post 
Insulated 
cavity +  
timber 
frame/tile  
Solid concrete Insulated (old) 
cold pitched 
DG n/a UPVC/ 
glass 
Back, 
into 
conserv
atory 
SG = single glazed, DG = double glazed, TG = triple glazed. GF = ground floor, FF = first floor 
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4.3.4 Space heating appliances 
The heat sources are presented in Table 13; efficiencies in Chapter 7: Table 35. 
Table 13. Case study heat sources 
 
4.4 Chapter summary  
This chapter has provided insight into the case study characteristics in terms of 
household and home, through the results of householder surveys and interview 
questions, and building surveys.  
The participating householders’ were somewhat unusual as they were all highly 
educated and the majority were pro-environmentally minded. This was considered 
throughout the data analysis, interpretation and discussion stages, to limit the 
impact of sample bias on the present study. Nine out of ten educated to degree 
Case Pre/ post Primary heat source Secondary heat source 
H1 Pre Caradon Ideal 2: combi Electric fan heater x 1 
H2 Pre & post Baxi: combi - 
H3 Pre Ideal Concord CX40 WRS Oil filled electric radiators x 2 
 Post Worcester Bosch regular open vent n/a 
H4 Pre Wood burner  
 Post Worcester Bosch (peak load 2kW) - 
H5 Pre Old Potterton combi - 
 Post Ideal Logic Plus - 
H6 Pre & post Glow Worm Flexicom 24cx Wood burner 
H7 Pre & post Ideal Elan 2 Open fire (logs) 
H8 Pre Combi (1998) Open fire 
 Post Veissman combi Open fire 
H9 Pre Combi (1998) Electric heater 
 Post Vokera 30C combi n/a 
H10 Pre Combi (pre 1998) - 
 Post Worcester Bosch combi - 
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level and the remaining one householder qualified as a registered nurse, five of 
those households had at least one main householder educated to post-graduate 
level. In terms of environmental attitudes, four households were found to have a 
mean score between 3 and 4, with 4 being a very pro-environmental attitude, the 
other households were either just below 2 or between 2 and 3. In relation to pro-
environmental behaviour, the mean score was 3.28, compared with 2.40 found with 
a previous study by Reid (2014). Two households had an income of £57,000-£66,999, 
one £44,000-56,000, five £24,000-£36,999, one £12,000-£16,999 and one 
household £4,000-£6,999. All householders’ were aged between 29 and 57 at the 
time of pre-refurbishment interview. Five households were ‘empty nesters [i.e. 
grown up children moved away/ pre-retirement’, four had young children or were 
preparing for a new baby and one was a ‘young household’ who recently moved; 
two were also ‘potential movers’. 
The homes were all located in the UK; eight within East Midlands or Nottingham, 
one in Norfolk and one in Harrogate. Eight were semi-detached houses (built 
between 1930s-1970s, floor area range 76m2-109.8m2), one a detached house (built 
16 or 1700s, floor area 136.2m2) and one a semi-detached bungalow (built 1925, 
usable floor area 71.7m2 pre and 139.1m2 post-refurbishment). Of those homes, 
three had cavity walls and seven had mostly solid walls, with some unusual features 
such as a cavity wall running below the damp-proof course and solid wall above 
(bungalow built 1925) or a cavity walled extension. Nine had double glazed 
windows pre-refurbishment and the remaining household installed double glazing 
during the refurbishment, three households installed either full or part triple glazing 
during the refurbishment. Nine homes had central heating boilers pre-
refurbishment and one heated the home using a wood-burning stove, which was 
replaced by a boiler during the refurbishment. Four homes used a secondary heat 
source in the form of an open fire with logs or a wood-burning stove, three used an 
electric heater pre-refurbishment and for two this was no longer used post- 
refurbishment. A summary of planned refurbishment measures, including boilers, 
windows, wall insulation and whole-house refurbishment (H4) is provided in 
appendix 16.  
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4.4.1 Study participation per case study household 
The key measures householders’ installed and elements of the study they 
participated in are summarised in Table 14. 
Table 14. Study participatation per householder 
 Measures 
Installed 
Householder 
interviews 
Building 
Survey 
Air-tight. 
tests 
Tempera-
ture 
RH Meter 
Readings 
 B W I I1 I2 I3 Catego.
Survey 
Pre Pos 1yr 
pre 
pos 
2mth 
1 pre, 
1 pos 
Pre 
1 
mth 
Pos 
1 
mth 
H1 -           -    
H2 - -          -    
H3  - -      - - -     
H4*            -  -  
H5  -          -  -  
H6 -  -      -   -  -  
H7** -  -      - -  -  - - 
H8   -      -   -  -  
H9   -         -  -  
H10*
** 
 - -         -  -  
B = Boiler, W = Windows, I = Wall Insulation; I1 - I3 = Interviews 1-3, RH = Relative Humidity; *comfort assessment and meter 
readings Oct 2014, **H7 did collect meter readings but some were misplaced, ***data collection started July 2013 
In summary, whilst the present case study households may not accurately represent 
the UK population, due to the small sample size and skewed sample towards pro-
environmental attitudes and behaviours, they represents the available sample 
sought through purposive and convenience  sampling at the time of data collection. 
The lessons learnt are still valuable.  
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5. REFURBISHMENT EXPECTATIONS AND EXPERIENCES  
5.1  Introduction 
This chapter responds to research question ‘RQ1. What are the householder 
expectations of an energy efficiency installation and what do they actually get?’ In 
this way, it addresses the following objectives: ‘O1. To identify the householders’ 
expectations of the energy efficiency refurbishment process’. The findings 
presented in this chapter incorporate the householders’ understanding of the 
installations, their estimation of time and financial costs, their existing knowledge of 
available measures, their expectations of the process of fitting and expected 
disruption. This is later compared with the actual process and ‘O2.  To ascertain 
what happens during the actual delivery process of the installation. This will cover 
the householder’s experiences throughout the process. Particular focus was paid to 
the installation of the measures, time taken and cost, disruption or any additional 
unexpected factors experienced.’ The analysis was carried out on data gathered 
during semi-structured interviews with householders’, as detailed in Chapter 3.  
The results of this chapter start with the ‘research’ and ‘pre-installation’ stages for 
householders’ (Holdaway et al, 2009); relating to householder decisions to refurbish 
and the measures they chose, followed by where they sought information for the 
refurbishments. The next section focuses on how much money they hoped to spend 
per refurbishment and where the capital costs were due to come from. The rest of 
the chapter then explores the ‘installation stage’ householders’ experienced, in 
discussing the length of time the installation was both due to take and took in 
practice, which was both later than expected and longer than expected for those 
installing external wall insulation. The installation processes are explored from the 
perspective of the householders’; this leads on to exploring the availability of 
appropriately skilled installers’ and the service quality provided. The final sections of 
the chapter explore the disruption encountered by householders’; particularly in 
relation to dust, noise and comfort within the home. The process was more disruptive 
and stressful than envisaged for some. 
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5.2  Refurbishment decisions  
Based pre refurbishment interviews, the case study households began to think 
about the refurbishment either when they first moved into their home (H1, H2, H4, 
H5 and H6), since something in the home needed to be repaired (H3, H7 and H9) or 
since they became aware of an upcoming change in family size (H6, H8 and H9). 
Householders’ had spent time deciding on the right time to refurbish ranging from 
one month to eight years,  the factors affecting this time were; initial indecision on 
measures (H1, H2, H4, H6 and H10) “I’m terrible at making decisions!”  (H1); waiting 
for clarity on the Green Deal/ECO Scheme (H1 and H2), saving up money (H2 and 
H10) and minimising disruption (H4). The reasons why the refurbishment became 
possible at the time of research was concerned with five main themes: ‘intolerable 
defects’ (H3, H7, H9, H10) ‘money and affordability’ (H2, H9 and H10), ‘current 
funding schemes’ (H1, H2 and H6), ‘planning for a baby’ (H8 and H9) and the ‘ability 
to move out’ (H4). One householder, who took eight years to finalise plans for the 
whole-house refurbishment, summarised delays in getting started as follows: 
 “The principal thing is...you’re... in a small house and you have busy lives, it’s immensely disruptive to 
do anything and therefore it’s very easy to not do it …that’s always the simpler measure.” (H4) 
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The ‘planned’ and ‘actual’ installed refurbishment measures are shown in Table 15. 
Table 15. Measures: Planned and actual 
  Windows Insulation Boiler 
H1 Planned Triple glazed timber frame 
low U-value (0.87) front/side  
EWI: 100mm phenolic board - 
Actual Triple glazed timber frame 
low U-value (0.87) front/side 
EWI: 100mm Polystyrene   - 
H2 Planned
/ Actual 
- EWI: 100mm Phenolic board  - 
H3 Planned
/ Actual 
- - Worcester Bosch  
H4 Planned Triple glazing, insulated 
frame + double glazed Velux 
windows 
EWI: ‘Super’ insulation Efficient boiler, Solar thermal 
Actual Triple glazed + double glazed 
Velux windows 
EWI: 2 x 80mm phenolic boards  Worcester (peak load 2kW), UF 
heating, towel rails (2) radiator (1) 
H5 
 
 
Planned - CWI: pearl beads Veissman 30kW combi condensing 
Actual - CWI: Glass fibre Ideal Logic Plus  
H6 Planned Two triple glazed windows 
(kitchen and patio door) 
EWI: Kingspan with acrylic render - 
Actual Two triple glazed windows 
(kitchen and patio door) 
- - 
H7 Planned
/ Actual 
Full double glazing, UPVC 
frames, timber effect 
- - 
H8 
 
Planned New double glazed windows 
+ Velux window in extension 
- Combi-boiler: make unknown 
Actual New double glazed windows 
+ Velux window in extension 
- Vokera 30C: combi 
H9 
 
Planned Two UPVC double glazed 
windows (daughters room 
and bottom of kitchen) 
- Combi-boiler: make unknown.  
Actual Two UPVC double glazed 
windows (bedroom 3/ 
kitchen) 
- Veissman combi + TRVs to all the 
radiators  
H10 Planned - IWI: 50mm+ insulation panelling 
inside of upstairs rooms 
(downstairs CWI already installed)  
Worcester Bosch condensing combi 
(+ flue gas recovery system), 
programmable room thermostat 
Actual - - Worcester Bosch condensing combi 
(+ flue gas recovery system), 
programmable room thermostat 
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Most households went ahead with the measures they planned. Some case studies 
did not specify the exact make and model during the pre-refurbishment interview. 
One household (H6) did not go ahead with external wall insulation, as explained in 
section 5.6.1: Start dates. 
The households who were carrying out repairs installed windows (H1, H4, H6 and 
H9) and replaced boilers (H3, H5, H8, H9 and H10). Households H1, H4 and H6 
prioritised the replacement of the windows to reduce heat loss, with each 
household installing triple glazed units with insulated frames. H9 replaced two 
double glazed windows with a broken seal, which were leading to reported notable 
heat loss in the daughter’s bedroom with the same model.  H6 carefully researched 
the production processes of their window and selected the most environmentally-
conscious manufacturers, who were based in Scotland. 
H10 chose a new boiler which would accommodate solar thermal panels, which 
they also worked with the installer to select. H5, H8, H9 and H10 expected the 
boilers to be more energy efficient than the previous. H4 also chose a new boiler 
and selected the model with the smallest capacity available (2kW) but was 
concerned it was still larger than required. 
H1, H2 and H4 aimed to save energy through installing external wall insulation and 
each case aimed for the material with the lowest U-value to achieve this. H1 was 
unable to receive the preferred choice of phenolic board, as the installer did not use 
this material, so H1 settled on polystyrene boards, as an alternative recommended 
by the installer even though the thermal conductivity would be higher (phenolic 
foam board 0.020W/m.K and polystyrene boards 0.033-0.035W/m.K) (GreenSpec, 
2017). Whilst this was accepted, it caused some dissatisfaction to the householder. 
Further detail is provided on the installation for H1 in 5.4: Financial investment. H5 
installed cavity wall insulation to make the home easier to heat. 
In addition, H1 and H7 selected replacement windows which would be sympathetic 
to the appearance of the house.  H1 chose timber insulated framed triple glazed 
windows, due to a preference for timber over UPVC; stating it was “more organic”. 
H7 was aware that the home originally had been fitted with Georgian windows so 
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found the most cost-effective, double glazed alternative which was “sympathetic to 
the character of the house” (H7). 
The key reasons to go ahead with a refurbishment were either to replace something 
that was faulty (H1, H3, H4, H5, H6, H7, H9) often whilst also improving the energy 
efficiency of the home (H1, H2, H4, H5, H6, H10), some of whom were particularly 
motivated to improve energy efficiency (H1, H2, H4, H6 and H10), or create extra 
space within the home (H8). In addition, four households (H2, H4, H5 and H7) 
expected to feel more comfortable following the refurbishment, once the 
refurbishment was planned. Five also expected to reduce heat loss through fabric 
improvements, but did not specifically mention this in relation to comfort. 
Furthermore, in selecting products, householders’ chose products which were 
aesthetically pleasing (H6 and H7).  
To summarise section 5.2, households started to think about refurbishments either 
since they first moved into the home, since something needed to be repaired or to 
prepare for a change in family size, as illustrated in Figure 3. 
 
Figure 3. When householders’ started to think about refurbishments 
Main motivations for refurbishing were to replace the faulty item (windows or 
boilers), usually whilst improving energy efficiency; some were more highly 
motivated to increase energy efficiency than others, or create more space in the 
home, as illustrated in Figure 4. Motivations were usually multi-faceted and some 
households expected comfort improvements as a by-product whilst some did not 
state this explicitly.  
5 
3 
3 When they first moved in
Since something needed
repairing
Aware of change in family
size
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Figure 4. Householder motivations to refurbish 
Householders’ were found to plan refurbishments for up to eight years, with the 
reasons to go ahead at the time they did, as summarised in Figure 5. 
 
Figure 5. Why householders’ went ahead at this time 
Most went ahead with the measures they planned. Some householders’ had clear 
ideas of materials and products they wanted based on personal research, and some 
had a clear vision of progressing to a more energy-efficient home, for example 
installing a boiler which could later accommodate solar thermal. However, some 
householders’ had to make compromises on their preferred choices due to installer 
recommendations and the products they were able to install. The sources of 
information used are detailed in the next sub-section. 
7 
7 
2 
Repair/ replace
something faulty
Improve energy efficiency
Create extra space within
the home
4 
4 
3 
2 
1 
Intolerable defects
Available savings
Available funding
Planning for a change in
family size
Able to move out
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5.3  Information sources  
Table 16 provides an overview of sources householders’ used to find information on 
planned measures, which informed their expectations. These information sources 
were used once householders’ had started to think about refurbishing their home. 
Table 16. Information sources for selected measures 
Information source Total H4 H1 H8 H2 H6 H5 H10 H3 H7 H9 
Installers’ 8           
Internet search 6           
Friends/ neighbours/ family 5           
Personal work experience 4           
Product specifications/ websites 2           
Architect 2           
Energy Performance Certificate 1           
Energy Saving Trust 1           
Green Building Store 1           
Forums 1           
Association for Environmental 
Building 
1           
Construction Institute of Building 1           
Trustmark 1           
Federation of Master Builders 1           
Information events 1           
Open Home events 1           
Magazines 1           
Books 1           
Environmental groups 1           
Centre for Alternative Technology 1           
Intelligent Energy Solutions 1           
Local Transition group 1           
TOTAL SOURCES USED  9 7 7 6 5 4 4 2 1 1 
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Eight of the case studies consulted their installers’ to find out information about 
available measures. For H1, H2, H4, H5 and H8 this was after independent internet 
research.  H4, H5, H8, H9 and H10 accepted the boiler recommended by their 
plumber. Most were satisfied with the results and advice offered, however, not all 
installers’ were able to offer advice on more novel measures. 
Following on from the previous paragraph, householders’ who sought information 
and expertise from boiler installers’ for novel measures were not always satisfied. 
Whilst H10 was satisfied with the recommendations from the plumber for an 
additional flue gas heat recovery system, a boiler which accommodated a solar 
thermal system, with a programmer, this was not always the case. For example, H3 
had previously considered installing a Combined Heat and Power unit (CHP), but, 
struggled in finding the necessary depth of information through installers’ and 
online searches alike, feeling “It was a total disaster!”, as H3 was unable to find out 
about reliability, or source an installer with the right expertise, H3 opted for the 
more standard heating method in the form of a condensing boiler instead.  
In relation to advice on modern insulation techniques and air leakage sealing, H4, 
who undertook a whole-house refurbishment stated: “it’s… a struggle in this 
country [we].don’t have that critical mass… of green building expertise and products 
and that knowledge base.” (H4). Whilst H4 felt the UK generally lacked expertise 
within the field, H4 did recognise that the overall understanding of energy efficiency 
refurbishment and availability of information within the UK has improved over the 
last eight years, particularly in relation to building air leakage. H4 described the UK 
as decades behind and “in a process of catch-up” with the rest of Europe. H6 
appeared to experience similar challenges, describing themselves as “extremely 
motivated and…well-educated geeks”, perhaps implying that for those less-
motivated it would be more of a challenge.  
H1, H2, H4 and H8 appeared to have had carried out extensive research on the 
internet, covering a wide range of sources and gathering detailed information on 
the performance of the refurbishment measures. H5 also gathered information on 
the performance of measures but this appeared to be directly from product 
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specifications, as opposed to reading more widely and gaining information from a 
larger number of sources. H3 consulted installers’ on the installation process but 
was certain of the preferred boiler model after speaking with colleagues and 
carrying out a brief internet search. Friends and relatives informed five 
householders’. Knowledge from previous experience of installing measures was 
used to inform four householders’.  
A minority of participants (H3 and H5), were satisfied with the availability of 
information, despite reporting “a lot bumph on the internet” (H5). However, H1, H2, 
H4, H6 and H8 were dissatisfied with the amount of available information. For H4 
the information obtained came from years of consideration and research. However, 
H4 did not consider information easy to find. Despite being a civil engineer and “in 
low energy construction”, H4 still felt it was a struggle. This view was shared by 
some of those who were particularly keen to reduce space heating energy demand. 
H1, H2, H4, H6 and H8 who were all planning either external wall insulation or 
larger scale refurbishments, found sourcing adequately detailed and impartial 
information a challenge. H1 found conflicting advice on moisture risks of installing 
wall insulation. H6 highlighted that where there was information on websites such 
as the Energy Saving Trust, there was a lack of detail relating to the actual 
installation process. H1 valued the Green Building Website, who they believed had 
“a really good website” and “really good information”. H1 was very satisfied with 
the customer service over the phone, “they’re so friendly that I could feel I could 
ring up and ask anything”. 
Research by Steiss and Dunkelberg (2013) found that those undertaking energy 
efficiency refurbishments were more likely to use multiple sources of data, than 
those aiming to carry out more standard and perhaps less-ambitious 
refurbishments. This appears to be the case in the present study; for example, H4, 
who undertook the most extensive energy efficiency refurbishment, consulted the 
largest variety of information sources (nine). Those planning EWI consulted 
between five and seven different types of sources. H8 consulted six sources for the 
extension, boiler and window. In planning for solar thermal H10 consulted local 
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groups and specialist advisors. Whilst it is difficult to measure the level of detail 
sought from each source, especially for ‘internet searches’, the number of sources 
consulted provides some insight into the amount of research undertaken by 
householders’ in planning their refurbishments, as could reasonably be expected by 
those undertaking more significant refurbishments. 
To summarise section 5.3, installers’ were found to be a source of information for 
eight households, but for five households only after independent research took 
place; for three the installer was relied upon. The internet was used as part of the 
research process for six households in addition to word-of-mouth referrals for five 
and previous experiences for four. Two households found it relatively easy to find 
information but five struggled to find good quality information and they were the 
households who were focused on improving energy efficiency. One householder 
with particular expertise within energy-efficient construction commented at length 
on the lack of “green building expertise” within the UK, although this was 
considered to be better at the time of research than eight years previous. 
Conflicting advice on issues like moisture risks in relation to insulation were found 
by H1. Gaining good quality information is key in planning a complex refurbishment 
which is likely to cost owner-occupied households highly valued savings or 
borrowed funds. The findings relating to financial investment are covered in the 
following sub-section. 
5.4  Financial investment 
This section covers the ‘expected’ and ‘actual’ costs of refurbishment, including the 
methods the householders’ used to estimate the cost of work at pre-refurbishment 
stage. The funding methods are detailed in section 5.5 and the householder 
expectations, and modelled payback periods for refurbishments are detailed in 
section 7.5. 
 
The expected cost of refurbishment measures had an impact on decision-making. 
For example, H5 opted for the cheapest installer quote for the boiler and the 
cheapest material cost for the cavity wall insulation. H1 indicated that price 
impacted on whether they went ahead with EWI, or not. H1 and H4 had a clear idea 
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of what they wanted in terms of window replacements and both aimed for high 
performing triple glazed units; however both households said they would settle for 
a lower quality window design if the price was found to be too high following 
receipt of a quote. H4 found the cost of whole-house refurbishment a challenging 
factor to accept since their mortgage was almost paid off, and the carrying out of 
extensive refurbishment works led to the equivalent of a new mortgage. 
The expected and actual costs of refurbishments are shown in Figure 6. However, 
the actual cost of windows for H1 and boiler for H4 are missing as this data was not 
collected. Overall, H4 spent approximately £100,000 and expected to spend 
£75,000 on the whole-house energy efficiency refurbishment, including floor, loft 
insulation, solar thermal and air leakage sealing. H6 did not state the expected cost 
of wall insulation, perhaps due to the early stage they had reached in planning 
during the pre-refurbishment interview as they had not received quotes at that 
stage. The acronyms shown in Figure 6 are EWI: External Wall Insulation, W: 
Windows and B: Boiler. 
 
Figure 6. The expected (pre) and actual (post) costs of refurbishment 
The costs householders’ expected to incur as a result of the refurbishments were 
based on either ‘new quotes’ (H2, H3, H5, H6, H7, H8 and H10), ‘previous quotes’ 
(H1, H2, H6 and H7) or ‘estimates’ (H4 and H9). Three households received two new 
quotes and were satisfied, one household only sought one quote and one 
household received five new quotes, using the quotation process as an opportunity 
to discuss tricky detailing with a variety of installers’. Other households were still 
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undecided on how many quotes they would receive. Previous quotes were from the 
time the householders’ started to think and plan for the refurbishment. Estimates 
were usually based on previous refurbishment experience or speaking to friends 
and colleagues for H3 and H8, in addition H8 carried out internet searches.  H4 
estimated costs based on previous experience but for H4 the architect managed the 
project and gained quotations from installers’. 
Costs were as expected for each household who had windows installed (H4, H6 and 
H7). For H5’s cavity wall insulation, the cost was as expected. For installations of 
external wall insulation, costs were within 10% of those expected for H4 and H2, 
and for H1 it was 20% lower than expected, (discussed further in the following 
paragraphs). For installations of boilers, the cost was as expected for H5; and H10 
and H9 found the boiler to be 20% cheaper than their estimated guess; but for H8 it 
was 400% more expensive than estimated. In terms of the whole-house 
refurbishment cost for H4, it was expected to cost approximately £75,000; however, 
it actually cost over £100,000. Further detail is provided on the basis of the 
expected and actual costs below. 
For H1 the process of their refurbishment changed during the installation leading to 
reduced costs. Initially they planned their external wall insulation installation 
through a contractor who organised the materials, planning permission and an ECO 
application on their behalf. However, mid-installation H1 switched contractors, 
which is outlined further in section 5.8.5. This led to an installation “a couple of 
grand cheaper than …if we’d have stuck with [installer 1]…” as they bought 
materials at trade price directly through a smaller contractor firm. In addition, the 
second installer would have installed the phenolic board, which H1 preferred over 
polystyrene boards, but it was too late to switch without removing the insulation 
already installed by the time installer 2 took over. Furthermore, Installer 2 arranged 
£3,000 of ECO funding towards the refurbishment for the householders’. The 
arrangement to pay at trade prices was partly due to H1 having such a poor 
experience with the previous installers’ and the second installers’ attempting to 
resolve some of the issues, providing good customer service. Whilst H1 was satisfied 
with the cost of the refurbishment, the disruption experienced during the 
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refurbishment process caused anxiety, as detailed further in section 5.10.2, and the 
dissatisfaction of the material choice as detailed in section 5.2. H2 paid £200 less 
than expected for the additional electric work including removing cables from the 
external walls of the home and re-fixing them on top of the insulation render; H2 
was quoted £600 for these tasks; however they only cost £400 in practice. 
The costs incurred were higher than expected for H4 and H8.  The costs for H4 
escalated over time due to delays in the start date, the complexity of the 
refurbishment and the number of measures installed accumulating to higher costs 
than envisaged, in addition to some elements of the refurbishment requiring longer 
than expected amounts of time which then delayed the other refurbishment 
processes within the sequence of work.  
H8 underestimated the cost of a new boiler, in addition to £700 of extra costs for 
fixtures such as sockets and switch, which H8 did not feel had been adequately 
communicated, or discussed in the previous quotation at all. The householder felt 
unsure who to blame for the increased costs: “it’s partly the grey area between the 
architects and builder, partly me”, H8 felt the installer was very convincing when 
suggesting the additional extras. An approach which may lead to an increase in 
householder satisfaction could be to offer all the available options during the 
quotation stage to better manage householder expectations. 
To summarise section 5.4, the price was a key factor in decision making and 
explicitly stated as a factor determining the choice of products for three households. 
At the time of pre-refurbishment interview, seven households had received new 
quotes, two of whom had also received previous quotes, one household based the 
expected price on a previous quote and two estimated the cost from personal 
research. The cost was as expected for the window installations and cavity wall 
insulation. For external wall insulation the cost was within 10% of expected costs for 
two households and 20% lower for one. The cost of boilers was as expected for two 
households, within 20% for one but four times the cost for one household. The 
whole-house refurbishment, in once case (H4) escalated from £75,000 to over 
£100,000. Complex refurbishments were more likely to escalate in costs. The 
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changes from expectation to actual costs were due to a change of installers’ for one 
household, time delays and refurbishment complexity for one household or mis-
estimating the cost for the remaining households. 
5.5  Funding methods 
Participants were asked how they planned to fund the refurbishment and ‘private 
finance’, the ‘Energy Company Obligation scheme’, ‘Green Deal’ and ‘Injured 
Players Foundation’ funding were the methods discussed. 
A variety of private financing approaches were taken for the refurbishments. H4 
used over-payments on the mortgage and further borrowing from the Co-operative 
bank; H1, H2 used personal savings; H7 borrowed from relatives and H9 used 
inheritance. H3 and H5 used private funding but did not state the source of this.  
The Energy Company Obligation (ECO) scheme was explored by all the households 
planning external wall insulation (H1, H2, H4 and H6). However, information was 
found to be “not at all clear” by H1, particularly on how to get an ECO grant, or 
whether it was possible to combine an ECO grant and the Green Deal. They waited 
until things became clearer.  
At the time of post-refurbishment interview H1 and H2 had been granted £3,000 
and £2,800 ECO grants respectively. H4 was still unsure and looking into it. H1 was 
unclear on some of the processes, such as how the installers’ receive money. In 
addition, the processes around the installation were not included in ECO funding; 
for example, moving garden decking or drainpipes was excluded. H1 felt companies 
either did not carry out those works, or cut corners, due to lack of experience. 
Prior to looking into the ECO scheme, H1, H2, H4 and H6 considered the Green Deal. 
For H1 and H2 they were initially unsure whether ECO or the Green Deal would suit 
them better and felt the information was unclear here also. H1, H4 and H6 realised 
it would be cheaper to re-mortgage due to the high interest rates of the Green Deal. 
The process of Green Deal and ECO research caused H1 and H2 to wait until going 
ahead with their refurbishment. As H1 delayed installing insulation from Autumn 
2013 until the Green Deal was launched in January 2014 this led to further 
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dissatisfaction once H1 discovered it was “just another form of loan really”  [H1]. 
This highlights the impact Government funding can have on choices householders’ 
make, in addition to timing the refurbishment start dates.  
 
H10 gained funding through a grant scheme ran by the Injured Players Foundation 
(IPF, n.d.) and also planned to apply for further IPF funding to install radiator 
thermostats. This funding was available to H10 as he had previously suffered a brain 
injury as a result of playing rugby. Whilst this funding is likely to be available to 
others who have experienced similar injuries, it is unlikely to be available to the 
majority of the UK population. 
 
To summarise section 5.5, private funding was used to pay for the refurbishments 
by seven households, this included personal savings for two households, inheritance 
or borrowing from relatives for two households and an overpayments mortgage for 
one household, the other two households did not disclose the private funding 
details. One household gained full funding through the Injured Players Foundation. 
One household did not disclose funding details at all. The ECO scheme was explored 
by all households planning external wall insulation, and used by three with two 
gaining grants by the time of the post-refurbishment interview. Householders’ did 
not find the information of how to apply and if it could be combined with the Green 
Deal clear. One household who planned to use the ECO scheme funding did not go 
ahead, the reasons for which included various time pressures in life. These 
challenges are likely to limit uptake on such measures. The interest rates on the 
Green Deal loan were off-putting and the funding scheme left one household 
particularly disappointed as they delayed the refurbishment in anticipation for it, 
none of the households applied for Green Deal funding. The next sub-section 
explores installation time in relation to start dates and refurbishment durations. 
5.6  Installation time  
The householders’ expected and actual start dates of refurbishments were 
compared. Figure 7 shows an overview of the expected and actual dates of 
installation for wall insulation measures (EWI/CWI), windows and boilers. Where no 
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expected date is shown the measure took place either on the expected date, or 
within the expected month.  
 
Figure 7. Expected and actual dates of refurbishment  
Measures installed by H3, H5, H7, H8, H9 and H10 were either on time, or within a 
few days of the expected start date. H1, H2 and H4 experienced delays to the start 
date of between three and six months; all installed external wall insulation, 
highlighting particular delays experienced for this measure. H4 was delayed for the 
whole-house refurbishment start date. H1 and H4 took four weeks instead of two 
for external wall insulation installations, H2 took one week instead of the expected 
two. H8 took one month longer than expected in duration for the extension build. 
H6 originally planned to install the window in October 2012 but re-scheduled for 
May 2014, which was recorded during the pre-refurbishment interview.  Boilers and 
windows were generally on time, or half a day longer in duration and up to three 
days different in start date. The reasons for unexpected changes to start dates and 
duration are detailed further in sections 5.6.1 and 5.6.2, below. 
5.6.1 Start dates 
When householders’ were asked about the reasons for a choice of refurbishment 
start date, once the decision was made, three main themes emerged which dictated 
start date selection, as summarised in Figure 8. 
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Figure 8. Themes which dictated the refurbishment start dates 
For each household these decisions were made to minimise disruption. However, 
the start dates which were delayed due to the themes set out in Figure 9. 
 
Figure 9. The themes dictating delays to the installation start date 
In relation to the ‘ECO scheme complications’, the delays appeared to be due to 
uncertainty in the process of going through the ECO scheme on the behalf of 
householder and installer (H1 and H2). This was partly the reason H6 did not go 
ahead with the external wall insulation installation at all, due to having busy lives 
and the time consuming planning process. In order to claim ECO funding during 
2014 and gain a guarantee for the insulation, one criterion was that the installation 
must be carried out by an accredited installer. Once H4 realised this was the case, 
additional installers’ were recruited to the refurbishment, which was originally 
unanticipated, causing delays on site but other works were able to continue as part 
of the whole-house refurbishment. 
In relation to the process of gaining planning permission, H2 hoped to gain this by 
September 2013 to start the external wall insulation installation; however it was not 
granted until January 2014. According to H2 this delay was due to the installer, who 
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was managing the process but was difficult to get hold of and needing chasing over 
a period of three months, which caused H2 much frustration. Once H2 threatened 
to find a new installer, things moved quicker and planning permission was 
eventually gained. When asked to reflect on the potential reasons for the lack of 
clear communication, H2 commented on the fact that the initial installation 
company had gone into liquidation, and the staff H2 was liaising with were not 
being paid at that time. H2 did sympathise with this, but still felt they were 
“completely useless.”, since they never returned calls. 
 
In relation to ‘architect planning time’, H4 experienced a delayed start date of 
approximately six months from August 2013 to February 2014 with the windows 
installed around 8th March, external wall insulation starting 12th April and the boiler 
22nd April 2014. This was partly due to the architect needing longer than expected 
to tender the works and recruit a team of installers’. As the work was a fairly 
specialist whole-house low-energy refurbishment the architect and H4 were keen to 
find installers’ who were reliable and competent, however, they found a skills 
shortage for such specialist work.  
In relation to ‘material supply’, H6 and H7 experienced delays relating to the supply 
of their windows. H6 had windows delivered in March 2013 but with a part missing, 
delaying the installation by three months. The length of time related to difficulties 
communicating with the suppliers “it was a palaver! … we could never talk to their 
technical people“ [H6]. As H6 sourced the windows from a specialist supplier in 
Scotland, the part was unlikely to be sold in many other places. H7 planned her 
window installation for a Monday; however on the day the windows were due to be 
installed discovered they had not been produced in time. This was quickly rectified 
and the work started two days late running Wednesday to Friday instead of Monday 
to Wednesday. As H7 kept the week free from work for the installation, it this 
acceptable but found it stressful to re-organise. 
5.6.2 Duration of refurbishment  
The expected duration of installation was found to be based on three major themes, 
as summarised in Figure 10. 
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Figure 10. Themes dictating the expected duration of work 
Installers’ were a regular source of information throughout the refurbishment 
process. In taking an educated guess, householders’ took time to consider their 
estimation based on either the quote they had received for the work or the 
refurbishment processes they were aware of which would take place. When 
considering past experiences, estimations were made on refurbishments either the 
householders’ or relatives had experienced previously.  
Overall, H2, H3, H5, H6, H9 and H10 all felt the work was completed efficiently and 
as they expected. For H9 and H10 there was an extra visit of less than ½ a day from 
one installer to finalise their boiler installers’. However, H1, H4 and H8 suffered 
delays of one month or longer for the completion of work. The themes causing 
delays experienced during the refurbishment process are similar to those which 
caused delays to the start dates, as summarised in Figure 11, and explained below. 
 
Figure 11. Themes dictating delays to the duartion of refurbishment 
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In terms of ‘experiences with installers’, H1, H4 and H8 felt that some of their 
installations could have been completed in a more efficient manner, particularly in 
relation to organisation and materials on site, each questioned the expertise of 
installers’, as detailed further in section 5.8.7: On-site learning, for H1 and H4. For 
H8, some of the installers’ working on the extension build and the architectural 
technologist who designed the build did not seem very professional and challenges 
in the detailing of the roof design led to delays which the team were not able to 
resolve very efficiently. 
In relation to ‘ECO scheme complications’, H1 and H2 had difficulties 
communicating with the ECO scheme adviser. Both households felt the ECO process 
was unexpectedly complex as there were a number of parties involved which made 
communicating with the right person difficult. H4 planned for the main contractors 
on his refurbishment to install the external wall insulation. However, later switched 
to find an ECO accredited installer, as detailed further in section 5.8.7. 
In relation to the ‘complexity of refurbishment’, H8 also carried out a refurbishment 
which was not usual practice for the installers’ as the extension build (in addition to 
boiler replacement), had an unusual roof design. H8 suffered delays due to 
complexity relating to the design of the roof structure which had been designed by 
an architectural technologist and was fairly novel to the installers’. This perhaps 
highlights a disconnection in the industry between designers and installers’, or a 
lack of clarity in the communication from the architectural technologist to the 
installers’. 
In relation to ‘material supply issues’ in consideration of the duration of work, H4 
and H9 experienced extended duration times, H4 was dissatisfied with the 
organisation of materials for external wall insulation which were not prepared and 
ready on site before the work started, leading to the installation taking 
approximately 20 days instead of 10, which H4 felt highlighted inexperience. In 
addition, H9 had a window installed without a seal, “when we were having heavy rain, the 
window was leaking”, and the installer returned to fix it soon after this was reported. H9 
was satisfied that the majority of the refurbishment work was carried out in one 
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day. However, the plumber who installed the boiler had also fitted the wrong 
thermostat so he came back at a later date to fit the correct one. They were left 
with a radiator which was working incorrectly but seemed satisfied overall since 
they had not needed to use it, at the time of interview. 
In relation to the duration of work being extended due to ‘weather’; H2 suffered 
delays during the work due to the weather, “it rained really hard for two days” , 
which was anticipated as a potential cause of delay pre-refurbishment.  As rainfall is 
common in the UK, this does present a challenge for installers’ working on such 
projects, which further consideration and new ideas may help to overcome. 
To summarise section 5.6, start dates were chosen to minimise disruption, which 
for four households was during warm weather, for two before a baby was due to 
arrive and for five to fit with work. The start dates were delayed due to 
complications with the ECO scheme for four households, receiving materials on 
time for two households, gaining planning permission for one and the architect’s 
planning time for one. Delays were longer for households installing external wall 
insulation or a whole-house refurbishment; between three and six months for each. 
Householder expectations for the duration of work stemmed from installed advice 
for six households, an educated guess for four and past experiences for three 
households. Where delays during the process did occur this was either due to 
experiences with installers’ for three households, ECO scheme complications for 
three households, refurbishment complexity for two, material supply issues for two 
and the weather for one. Once again the external wall insulation installation took 
twice as long as expected for two households (four weeks), but half the expected 
time for one (one week). Boilers and windows were all within three days of the 
expected start date and all either finished on time or required just half a day extra. 
The extension build (H8) took a month longer than expected in total. Delays to start 
dates and duration caused unexpected disruption to work and following the arrival 
of a baby for one household. 
   124 
 
5.7  Installation Stage 
In this section, the findings relating to the installation stage, as defined by Holdaway 
et al. (2009), are presented, broken down into the themes of ‘refurbishment 
management’ and the ‘sequence of work’. This section serves to introduce the 
installation stage broadly, and is followed by further detail on the experiences 
encountered during the process including installers’, service quality, disruption and 
comfort. 
Refurbishment management includes making the key decisions and overseeing the 
refurbishment process. The households did this either individually (H2, H7, H10), as 
a couple (H1, H5, H6, H9), with an architect (H4, H8) or under an ECO scheme 
provider (H1, H2); some households are included twice (H1 and H2). However, they 
both became more independent of the scheme after their first provider went into 
liquidation and they recruited a second installer. The first installer organisations 
were the same for each household, but the second installer organisations were 
different for H1 and H2. 
The sequence of work is concerned with the order in which refurbishment 
measures are installed, or the sequence of tasks involved with the installation of 
one particular measure. Households which were installing more than one measure 
(H1, H4, H5, H8, H9 and H10), had considered the sequence of work and reported 
the key steps during the interview. The consideration of the refurbishment 
sequence was informed by a number of methods, as summarised in Figure 12. 
 
Figure 12. The themes influencing the choice of refurbishment sequence 
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The chosen sequence was usually selected for practical reasons, whether it was 
cheapest or most efficient to install in a particular order. For those just installing 
one measure, choice was fairly limited. However, the whole-house measure 
installed by H4 required careful planning to ensure the sequence worked and 
allowed air leakage to be achieved; i.e. ensuring plumbing and electrics were 
installed prior to adding air leakage sealing tape. In the case of H5 they opted to 
remove the old gas fire and install a new boiler before insulating the cavities as this 
reduced disruption to the wall, once cavity wall insulation was added. 
Consequently, unexpected factors were experienced during the installation of 
external wall insulation which related to external pipework and electrics; H1 and H2 
felt the disruption to the fixtures and fittings attached to the outside of the 
property were not carefully considered. In addition, the plumber and electrician 
who came to ‘make good’ the area following the installation appeared to lack 
experience in working over external wall insulation in terms of using the correct 
method of mixing cables, or pipes to the new wall surface. Where this is not 
appropriately considered, there may be potential for damage to the external render 
and potential water ingress which could lead to further defects or make the 
insulation less effective. The final stage of the external wall insulation installation 
was the application of render and then the removal of scaffolding. 
There appeared to be an understanding of the window replacement process by H1, 
H6, H7 and H9 from their previous experiences of window replacements. 
Consequently, in terms of the actual process of window replacement, H6 and H9 
also found the installation of their windows as expected. However, the delivery of 
windows was not as expected for H6 as discussed in section 5.2 and H9 was missing 
a part, as discussed in section 5.6.2 
To summarise section 5.7, three households managed the refurbishment process 
individually, four as a couple, two with an architect and two under an ECO scheme 
provider, or a combination of ECO scheme and individually/ as a couple. Those 
managing the refurbishment process were also depending on installer expertise and 
advice. For the six households installing more than one refurbishment measure the 
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sequence of refurbishment had been considered. This was based on installer advice 
for eight households, in addition to past experiences for four households, advice 
from architects for two and an EPC certificate for one household. The next sub-
section presents findings in relation to installers’ and service quality. 
5.8  Installers’ and service quality 
The installers’ of the refurbishment measures play a key role in delivering a level of 
service quality for the householders’. The key themes which emerged when 
discussing the installers’ in relation to quality of the refurbishment experience and 
end result related to ‘trust’, ‘expertise and knowledge of technologies’, ‘safety’, 
‘values’, ‘communication’, ‘workmanship’ and ‘on-site learning’. 
5.8.1 Trust  
Gaining trust in installers’ was important to all householders’ and communicated at 
many points during interviews. Householders’ were found to look to installers’ for 
expertise and provide them with assurance of quality, cost and time: 
“Well I’m worrying about finding a company who are going to do a decent job and I’m also worrying 
about knowing whether they’re doing a decent job, how would I know?”  [H2] 
Trust was gained in installers’ via a variety of methods, as summarised in Figure 13. 
 
Figure 13. Themes of gaining trust in installers’ 
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Trust was also lost in some cases when apparent expertise was questioned by 
householders’ (H1, H2 and H4), through unsafe working practices (H1, H6 and H8) 
and neglecting the values which were apparently shared with householders’ (H1). 
5.8.2 Expertise and knowledge of technical detailing  
Following on from trust, when discussing the contractors apparent expertise within 
the field, H1, H2, H3, H4, H6, H8 and H10 highlighted particularly valuing an installer 
who appeared to have good expertise and experience, which appeared to be a 
priority above the cost of works, within reason: 
“We’ve had a quote from … And we liked them a lot… things are changing really fast with the Green 
Deal…They really knew what they were doing, they’ve been doing it for 20 years.” [H6, EWI] 
  
This quote reflects the value H6 placed on the years of experience the EWI they 
were hoping to use had. This is in keeping with unexpected disruption for H1, H2 
and H4 who all felt their first choice of EWI installer lacked adequate experience. 
5.8.3 Safety  
During the interview with householders’ held shortly after the refurbishment, they 
were asked whether they felt the contractors worked safely. Seven case studies felt 
the installers’ did work safely in their home, however, three had concerns.  
During the refurbishment work itself, H1 and H8 felt installers’ were working 
unsafely in their home. The EWI installers’ for H1 were dropping materials from the 
scaffolding onto the conservatory roof, of which H1 did not feel was strong enough 
for this, and it also made loud bangs whilst H1 were inside the home, causing 
anxiety.  Concerns were raised by H8 in relation to the builder not using eye 
protection to cut steel work, contractors not taking adequate precaution around 
entering the excavation for the extension foundation, H8 also noticed a lack of 
safety helmets and boots being worn on site. However, H8 did find the plumber and 
electrician worked safely in the home and noticed the scaffold used was 
appropriate. As H8 researches construction and engineering as a profession these 
factors were particularly apparent, and may have been overlooked by a less 
informed householder. 
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The delivery of materials was a safety concern for H6, since they received the triple 
glazed window on a large truck which was equipped for large-scale building projects, 
not domestic projects. This led to H6 finding local installers’ who were strong 
enough to lift the heavy units from the truck, whereas on a bigger site they would 
have perhaps been lifted by a crane or alternative piece of machinery. As H6 was 
pregnant at this time she was unable to help and was altogether unprepared for 
this issue but felt very pleased with the speed of assistance and care the window 
installers’ provided at very short notice. 
5.8.4 Values  
The householders’, who were found to have ‘pro-environmental attitudes’, within 
the categorising surveys presented in Chapter 4, such as H1 and H6, prioritised 
finding installers’ who shared their level of consciousness to ‘environmental design’. 
To achieve this aim H6 bought the replacement windows from a supplier in Glasgow; 
the most environmentally conscious manufacturer they could source, which were 
then delivered to Leicester and installed by a local installer. However, H6 
experienced the delivery issues, in addition to poor customer service with this 
supplier, and began to question their priorities in supplier selection. H6 stated they 
would opt for a local and potentially less ‘environmentally conscious’ manufacturer 
in future. H1 recruited an installer organisation who they considered to be 
environmentally conscious, but turned out to be unreliable, provide poor customer 
service and work unsafely in the home, which led them to question their priorities 
in seeking installers’ who initially appeared to share their values. Householders’ 
within the present study who were considered to be pro-environmental placed 
particular importance on finding installers’, who shared their values and were 
reliable, but all householders’ valued finding an installer they trusted and finding 
honest installers’ enables trust to be gained. 
5.8.5 Communication 
Clear communication between the householder and the installer is necessary to 
ensure the work is planned, quoted and installed correctly and concerns resolved 
along the way. H2, H3, H4, H9 and H10 commented on satisfaction in terms of 
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communication with their installers’. However, H1, H2, H6 and H8 highlighted 
difficulties they had communicating effectively with installers’.  
For H1, H2 and H6 they had difficulty in contacting the person who could answer 
their questions, which each household found frustrating. H1 felt very unsure about 
the process and dates of the external wall insulation installation with their first 
installer. However, H1 had a better experience with the second installer 
organisation.  
Once H2 had overcome the issues relating to communication and planning 
permission, as detailed in section 5.6.1, H2 found the installers’ who carried out the 
installation worked very well together and noted how challenging it could have 
been without adequate communication between the teams (insulation, electrics 
and plumbing). 
Installers’ went beyond expectations in terms of overall service quality for H1 and 
H6. For H1 this was through the second installer organisation following the first 
entering liquidation, they felt the installers’ provided more time and additional 
work at no extra cost, potentially following such a poor experience with the first 
organisation.  
5.8.6 Workmanship 
The quality of workmanship was satisfactory to H2, H3, H5, H6, H7, H9 and H10.  
However, H8 was dissatisfied with the workmanship of the windows in the 
extension which did not appear to meet modern building regulations in terms of 
fabric air leakage and led to draughts entering the home. The lack of experience of 
external wall insulation installers’ caused concern to H1 and H4; as a result, each 
household felt dissatisfied with the workmanship. Despite the dissatisfaction with 
the external wall insulation, H4 felt very satisfied with the workmanship of air 
leakage sealing which was carried out by an inexperienced air leakage sealing 
installer, but whom was a very experienced builder and took time to carefully learn 
how to do the job well, despite taking much longer than planned and costing both 
the householder and installer an unexpected expense in terms of time.  
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5.8.7 On-site learning  
On-site learning is the provision of training during the refurbishment work itself. 
This was experienced by H1 and H4. For H1 this was considered to be disappointing, 
perhaps because this was never made clear and H1 felt the installers’ were not 
always honest about their expertise. H1 and H4 noticed the external insulation 
boards had gaps between them and did not always look neatly applied and well 
fitted. Whilst H4 was dissatisfied with some elements of workmanship during the 
refurbishment and had also been unaware that trainees would be used to install the 
external wall insulation prior to the work starting. Overall, H4 did consider the 
refurbishment to be an opportunity to raise the local standard of refurbishment 
quality and help meet the UK skills gap. In working on such projects the hope was 
that more skilled installers’ who specialise in air leakage, insulation detailing and 
cold-bridging and providing good quality energy efficiency refurbishments:  
“…the big problem, where do you go, if you’re trying to achieve anything above … cosmetic building 
in this country…. we can try and push the standard up…. there’s starting to be a little bit of a track 
record of green building in Nottingham now, so there starts to be a small stock hopefully of 
contractors, who understand what they’re going to be asked to do” [H4] 
As H4 had worked in civil engineering this may have contributed to the awareness 
of the skills shortage in relation to energy efficiency within the sector.  
To summarise section 5.8, gaining trust in installers’ was important to all 
householders’ who hoped the installers’ would work competently and safely in their 
home. Householders’ chose installers’ based on recommendations for five 
households; two employed installers’ they already knew, three chose installers’ who 
provided clear information during the quotation stage and two chose installers’ who 
shared their values. Once on site, seven households were pleased with the level of 
safe working practices, yet three lost trust at this stage; three household also lost 
trust due to a lack of expertise and one due to a realisation that the installers’ did 
not share their environmental values, as they first thought. Workmanship was 
satisfactory for seven householders’. Those who experienced challenges were 
installing wall insulation and struggled with technical detailing around windows; 
perhaps highlighting a lack of scientific knowledge around the measures being 
installed by some installers’. On-site learning took place for two households who 
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had external wall insulation installed, and one who had air leakage sealing installed. 
This was accepted where the installer was employed knowingly as a trainee but not 
where the installer was working for an ECO accredited installation company, which 
was necessary to gain ECO funding. The following sub-section presents the findings 
on householder disruption. 
5.9  Disruption  
Householders’ were asked whether they expected (Pre), and then experienced 
(Post), a change to their daily routine. Their disruption was categorised in relation 
to ‘daily routine’, ‘work’, ‘access into home’, ‘space use in the home’ and ‘moving 
out’. These are summarised in Figure 14, and explained further below. 
 
Figure 14. Expectations and actual experiences in relation to disruption in the home 
There was a mix of expectations towards disrupted routine. H1, H2, H5 and H6 
expected minimum disruption during the installation of their wall insulation since 
the installers’ would mostly be working on the outside, whereas H3 expected ‘”a 
week of chaos!” for the boiler replacement and central heating system repairs, but 
was disrupted much less than expected. The households planning boiler and 
window replacements expected some disruption and planned to make sure 
somebody was home for at least some of the installation time. For H1, H4 and H8 
their routine was actually disrupted more than expected due to the refurbishment 
work taking longer than expected. H4 planned for the work to take place before he 
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moved abroad for work and H8 planned to complete the work before the arrival of 
his baby, but this was not the case for either due to the work starting later than 
planned or taking longer than planned, leading to some anxiety for both. H10 took 
the opportunity to visit his sister during evenings, which was enjoyable for the 
children. 
To minimise disruption at work, H1, H2, H7 and H9 planned to organise the 
installation to fit around their work commitments. Some were able to plan shifts to 
suit and H9 planned to work from home. For H2 the refurbishment was planned to 
take place in the summer holidays when H2 would not teach, this was not the case 
due to a delay in obtaining planning permission. However, disruption was 
minimised by coincidental weather affecting the installation process on teaching 
days: 
“I wouldn’t have wanted to teach, and I was quite lucky, that second day of rain was, tallied with the 
teaching day I have here. But I could have taught, it wouldn’t have been the end [of the world]…” [H2] 
H2 also commented here that teaching was possible during the work, however this 
would not have been ideal, especially as H2 teaches violin lessons at home. 
In relation to access to and from the home during the refurbishment, H2 and H6 
expected access difficulties during the installation in relation to the scaffold 
blocking the passage ways they usually used to take bikes to the back garden. This 
was the case for H2 but it was still possible to take bikes through the house on days 
the bike was needed. For H1 they did not highlight access during the pre-
refurbishment interview and sounded dissatisfied by the disruption they 
experienced to access into their garden and garage. The unexpected disruption level 
contributed to the dissatisfaction H2 felt in relation to the entire installation process, 
this was in addition to the installation taking two months longer than expected and 
the disruption being experienced for a longer length of time. 
The use of space in a home may change during a refurbishment due to work taking 
place in rooms that would usually be used, or through a disruption to the plumbing 
or electricity systems in the home leading to kitchens and bathrooms not 
functioning as well as usual. During the replacement of downstairs windows, H6 
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expected to spend time on the first floor with their baby whilst the windows were 
replaced on the ground floor; whilst H6 was able to do this and found it acceptable, 
it awkward. H9 planned to work from home but did find using the home space 
challenging whilst the plumber was working there “because he was working in 
several rooms” (H9). H8 spent time upstairs and in the lounge during the extension 
build but could not use the kitchen so found cooking a challenge during the 
refurbishment. Whilst some of the disruption for H9 was expected, the 
refurbishment went on longer than he expected and became quite stressful during 
the period of a visit from the in-laws and after the new baby arrived. 
Where whole-house refurbishments are undertaken, which include the 
replacement of a floor; it is sometimes easier for a participant to move out of the 
home, such as H4. Whilst H4 decanted during the refurbishment the plan was still to 
visit the home once a day, “especially on things like fitting of insulation boards and 
airtightness…” [H4]. However, due to the time delays in starting the refurbishment, 
H4 needed to move to abroad for work before the installations started. In doing this, 
H4 left the architect to manage the refurbishment which H4 considered to be both 
negative and positive since it led to less control of daily decisions but also less 
concern about the finer detail decisions. This was possible due to the trust H4 had 
for the architect in making sensible decisions. 
To summarise section 5.9, householders’ expected a degree of disruption during the 
refurbishments, however for three this was unexpected in terms of routine, for one 
access to the garden was more limited than expected and for one space use was 
limited due to the project delay and the arrival of a baby. However, work was 
disrupted less than expected for three households, partly due to their planning 
shifts accordingly and partly due to coincidence of the installation days missing 
work appointments such as teaching responsibilities. The following sub-section 
discusses waste created during the process of refurbishment. 
5.9.1 Waste 
In relation to the waste either created during the refurbishment work, or as a result 
of a part being replaced, some consideration was given by householders’. For 
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example, H1 had a preference for a window replacement method which resulted in 
minimum waste, hence their desire to maintain as much of the original window as 
possible, despite the potential for this to lead to a poorer performance of the 
window unit. 
Waste created on site was generally dealt with by installers’, except for H4 and H9; 
H4 paid for skips as part of the project and H9 left the old boiler in the garden for 
scrap metal merchants to collect. H4 was surprised with the number of skips 
required, partly to deal with waste from air leakage sealing which created much 
more waste than anticipated. H4 spent some time discussing this issue with the 
main contractor on site who agreed that the work did create a great deal of waste 
but was unaware of an alternative approach. H9 had not actually considered 
disposing of the old boiler prior to the interview but expected the scrap metal 
merchants, or otherwise the local Council, would take it. 
5.10 Comfort during the refurbishment process 
This section is concerned with the findings in relation to comfort during both the 
refurbishment pre installation stage and installation stages. It is placed here, as 
opposed to within chapter 6 (Living Environment Comfort), as it covers the 
disruption to householder comfort during the installation stages, as opposed to pre 
and post comparisons which Chapter 6 covers. Comfort is discussed here in terms of 
physiological and psychological themes. 
5.10.1 Physiological discomfort 
This section on physiological discomfort relates to thermal environment comfort, 
noise, air quality and window opening. Householders’ were asked whether they 
expected any disruption to their heating and hot water during the refurbishment 
process, or any other comfort disruption. Their expectation and experiences are 
summarised in Table 17, which lists the disruption themes in terms of thermal 
environment, hot water, noise, air quality and window opening. Whilst 
householders’ expected some element of disruption, most found it more disruptive 
than anticipated, either highlighting a communication flaw from installers’ to 
householders’, or unrealistic expectations from householders’. Overall, information 
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on the process of refurbishment was limited, as reported by householders’, which 
may have contributed to their level of surprise and subsequent disappointment. 
Table 17. Physiological discomfort 
 Pre-refurbishment expectations Refurbishment experiences 
Disruption 
themes 
No. Cases Example quote No. Cases Example quote 
Thermal 
environ-
ment 
0 - -  2 H1, 
H2 
“… the heating obviously was 
affected was while… the gas flue 
was being moved out, the whole 
system had to be shut down 
while he dealt with the gas 
work….only took him a couple of 
hours… was able to leave the 
heating on right up until he 
arrived… it was a cold, wet day 
that day!” [H2] 
Hot water 3 H3, 
H5, 
H10 
“but for the boiler 
obviously there’ll be no hot 
water for a couple of days 
or as long as it’s off but it’s 
not too disruptive.” [H5] 
3 H3, 
H5, 
H10 
“Hot water was off for 
obviously, for the duration of 
when the boiler was being put in 
but we boiled the kettle when 
the water was on.” [H10] 
Noise 1 H5 I: “Do you expect changes 
to your normal routine?” 
H5: “Well yes, for the 
cavity wall not particularly, 
no, apart from the noise”  
7 H1, 
H2, 
H5, 
H6, 
H8, 
H9, 
H10 
“… and it was noisy … and there 
was a small baby who you’re 
trying to get to sleep and she’s 
upset by the noise, so it was 
difficult with that, but … you 
know … [H2] 
Air quality 
(dust and 
odour) 
0 - - 6 H3, 
H5, 
H6, 
H8, 
H9, 
H10 
“I deliberately didn’t open 
windows on the day that the 
render smelt fishy because it 
was quite an unpleasant smell.” 
[H1] 
Window 
opening 
0 - - 7 H1, 
H2, 
H3, 
H6, 
H8, 
H9, 
H10 
I: “Did you open windows more 
or less during the work?” 
H “I opened them more because 
of the dust! So the front door 
was open and the two windows 
were open.” 
 
5.10.2 Psychological discomfort 
Psychological discomfort relates to any factors which caused the householders’ 
concern in both planning and during the installation. The themes that emerged are 
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‘concern for the house’, ‘mess’, ‘security’ and ‘relationship challenges’, as outlined 
in Table 18 and the following sub-sections. 
Table 18. Psychological discomfort: Expectations and experiences 
Disruption 
themes 
Pre-refurbishment expectations Post-refurbishment experiences 
No. Cases Example quote No. Cases Example quote 
Concern for 
the house 
0 - - 2 H1, 
H8 
“The most alarming thing I found 
was when things were, heavy 
things were dropping onto this 
roof. That’s what worried me.”  
[H1] 
Other mess 0 - - 2 H1, 
H5 
“There was stuff blowing around 
the garden …” [H1f] 
 “Polystyrene, yeah.” [H1m] 
“… like big, like the blocks they 
just … I mean it was a really windy 
time as well!” [H1f] 
Security 1 H7 “.. And I guess from a safe, 
a security point of view as 
well [stay home during the 
work.” [H7] 
2 H1, 
H9 
“So I kind of, I worked in here, he 
messed around upstairs. So he 
was alone with all my expensive 
equipment for long periods of 
time!” [H9] 
Relationship 
challenges 
1 H1 “I’m going to have to 
arrange the scaffolding 
with my neighbours.  That’s 
probably the most stressful 
aspect actually, because I 
have slightly odd 
neighbours!” [H2] 
 
4 H1, 
H2, 
H4, 
H8 
the only slight issue was that 
[neighbour] was worried about 
the scaffolding wasn’t she, she 
had to keep checking nobody was 
on it while we weren’t here … she 
said she looked out a few times 
and she thought somebody was 
on the scaffolding, they weren’t 
but … [H1] 
 
In relation to ‘concern for the house’ H1 had concerns about the way the first 
installers’ worked, “not protecting our home” as they dropped items on the 
conservatory roof, as highlighted previously. In addition to this, a temporary 
downpipe was not correctly fitted to the outside of the building which led to both 
H1f and H1m climbing onto the scaffolding to fix a temporary solution, during a 
heavy rainstorm “that was a bit stressful as well. Especially as [H1m] doesn’t do 
heights very well!” (H1m). In addition to the stress of doing the work, they were 
uncertain they were doing a good job and were concerned for the rest of the 
property: 
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“I mean partly it’s because this [conservatory] roof’s not as good quality as it could be,  But…there 
was just a hole in the drainpipe and it was pouring out … I had to bungee the drainpipe onto the …It 
was really bad. A bit of rigging going on! And out the front … there was another drain that was just 
pouring straight down the wall. And so we got …” [H1] 
The installers’ responsible did not rectify this problem when they were notified, but 
instead an alternate installer came and fitted a temporary downpipe. This shows a 
lack of concern for both the property and the householder safety by the first 
installer, but good service quality by the second installer.  
H8 also reported “several leaks in the roof, that was unexpected and distressing” a 
fitting of a second roof-light was arranged. This was believed to be due to the 
complex design of the roof. The nature of the home providing a base of comfort to 
householders’ is perhaps overlooked by installers’ during refurbishment work and 
could be further highlighted in training courses they may attend. 
In relation to mess created during refurbishment work, H1 and H5 noticed bits of 
insulation remained after the work “they’d sort of blow away or we cleared them up” 
[H5], for H1 they found there was “Lots of little tiny polystyrene little nodules, loads 
of them! (laughs) And they get tramped in and they whoosh around in the wind 
quite a lot as well.” [H1]. This highlights a lack of consideration from installers’ for 
clearing waste materials away and respecting the home and garden. 
In addition to this, H1 also noticed the first installers’ they employed did not protect 
the paving and windows from the insulation render and lumps were left which were 
still very messy during the interview. However, the second company did provide 
protective covers. The second installer also appeared to be more experienced, 
which is a potential extra benefit to recruiting experienced tradespeople. 
In terms of security during the refurbishment, H7 and H9 planned to be at home 
during the refurbishment work from a security perspective. However, none of the 
case studies reported concerns relating to security during the work. 
Relationship disputes occurred as a result of the refurbishment for H1 (personal 
relationship), H2 (neighbour), H4 (architect and installer) and H8 (installer). H2 
expected the neighbour, in the adjoining semi-detached property, to dislike the 
scaffolding as it creates a potential security risk. H2 did experience dispute with the 
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neighbour however, not in relation to the scaffold but due to a planning objection 
for the work, which was believed to have been encouraged by the Council, who 
reportedly alerted the neighbour about the planned external wall insulation and 
stated the work may de-value the property. This was allegedly reported by the 
neighbour to the householder, perhaps highlighting the feelings of uncertainty 
around external wall insulation within the local area. This created stress for H2 who 
would have carried out further research to put the neighbours mind at rest. H2 was 
keen to maintain a positive relationship with the neighbour and advised the 
installers’ to be particularly careful when working closely to the adjoining property, 
which they did. Following the installation, H2 visited the neighbour to notify her 
that the scaffold was going to be removed but at this stage found the neighbour 
was unhappy with the way the downpipes had been refitted, which H2 agreed with. 
The installers’ said they were temporary and they did replace them, as they 
originally planned to.  
H1 were also conscious of their neighbour’s concerns “we were going away over 
Christmas, even though we were a bit worried about the scaffolding”, as it was in 
place longer than expected. However, H1f and H1m found the holiday at Christmas 
essential in maintaining mental well-being during the refurbishment process, from 
which the stress also created challenges to their own relationship: “you think of it 
objectively, it’s just a house, it wasn’t falling down and all of that, but I found it one 
of the most stressful things I’ve ever been through (laughs).” [H1]. In highlighting the 
stress encountered, H2 discussed the difference between the way her and her 
partner dealt with the stress, which strained their relationship during the 
refurbishment work, “it was really horrible!” 
H8 experienced dispute with an installer working within his property, who was told 
not to continue working on the refurbishment by the main contractor and left the 
project, which H8 was pleased about: “He was just... impolite, miserable, offensive, 
not offensive really but you know he just didn’t say hello”. The stress and 
relationship difficulties encountered here may act as a barrier in carrying out 
refurbishment work in the future for H1 and H8. 
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During the pre-refurbishment interview, none of the householders’ expressed 
particular concern in relation to risk their properties may face during refurbishment. 
However, during the post-refurbishment interview H1, H4 and H8 all expressed 
concern. As mentioned in 5.8.3: Safety, H1 were concerned about items which were 
dropped onto their conservatory roof, in addition to insulation blocks blowing 
around the garden and security concerns whilst they were on holiday with 
scaffolding in place. Furthermore, they experienced leaks into their conservatory 
resulting from a missing temporary downpipe above, which they provided a 
temporary solution for in the middle of a heavy rain storm, climbing the scaffolding 
in the process. H4 had some concerns for the property whilst away but felt assured 
that the architect would take care of things, as highlighted in section 5.7. 
To summarise section 5.10, comfort during the refurbishment process was 
disrupted either physiologically or psychologically. In terms physiological disruption, 
the thermal environment was disrupted unexpectedly for two households as the 
refurbishment took place in the winter, not summer as expected. Hot water was 
disrupted as expected for three households. Only one household stated the work 
was expected to be noisy but seven reported noise during the refurbishment 
process and six reported dust and odour but none of those stated an expectation 
for this. In terms of psychological disruption, the unexpected factors related to 
concern for the house for two households, mess created for two households, 
security concerns for two households and relationship challenges for two 
households. One household felt safer than expected and one expected relationship 
challenges with the neighbour, as experienced. The following section discusses the 
findings from this chapter. 
5.11 Chapter discussion 
This chapter responded to the following research question ‘RQ1. What are the 
householder expectations of an energy efficiency installation and what do they 
actually get?’ The data which informed this chapter were gathered through semi-
structured interviews with householders’ pre and post refurbishment; early 2013 
and then within a week of the completion date, for most. This allowed for focused 
questions relating to the study objectives, in addition to space for householders’ to 
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talk openly and share insight from both the ‘pre-installation’ and ‘installation’ 
stages whilst householders’ were either within, or just beyond that particular stage 
within their refurbishment. Therefore, experiences were fresh in their mind. The 
final interview during the early 2014 for most allowed further reflection on any key 
points. This chapter discussion begins the overall discussion of findings in relation to 
RQ1, as broken down into ‘householder expectations’, ‘what they actually got’ and 
‘unexpected factors’. The implications for installers’, policy makers’ in addition to 
the limitations of the study are discussed further in the Chapter 8: Thesis Discussion. 
5.11.1 Householder expectations  
Householder expectations are discussed here in relation to ‘motivations’, ‘time and 
financial cost’ and the ‘refurbishment processes’ which summarise the key 
interview themes for the process. 
The key motivations to refurbish impact the expectations for each household in 
terms of final outcome. For six householders’, the motivation was to replace 
something faulty (boilers and windows), for six households the decision was also 
based on improving the energy efficiency of the home (boilers, insulation and 
windows), and for one to create extra space in the home (extension plus new 
windows and boiler). During decision making, householders’ carried out research 
chiefly through contacting installers’, searching the internet or speaking to friends 
and family.  This process was sometimes limited by the expertise of the individuals 
spoken to, or knowledge of where to find information on the internet. Research 
reported by the Westminster Sustainable Business Forum (WSBF) (2016) found that 
advice and information are an important part of increasing domestic energy 
efficiency. The 2016 report argued that this advice and information needs to feed 
into a “subtle process of social norming” to make people more accustomed to 
energy efficiency measures, perhaps through the use of refurbished show homes 
(WSBF, 2016). This advice and information must include details of the 
refurbishment process itself and could lead to more ambitious energy efficiency 
refurbishment planning as householders’ gain knowledge of available measures and 
trust in the options available. 
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The cost of refurbishments was factored into planning. For two households, 
personal savings were used, two received money through relatives, two other 
private sources of finance, one a loan and one re-mortgaging, those installing EWI 
applied for Energy Company Obligation funding, but none applied for Green Deal 
funding, despite exploring the option. At the time of post-refurbishment interview, 
two had been granted the ECO funding through their installers’, and one was in the 
process of applying post refurbishment. As the policies represented an ambitious 
step in the diffusion of energy efficiency refurbishment measures across owner-
occupied households, careful evaluation on the success of these policies is essential 
to create more attractive future policies to incentivise householders’. 
Time was factored in when planning the anticipated start dates of refurbishment 
work. Householders’, who had work responsibilities, were planning for a baby or 
hoped the work would suit the weather and time of year. All householders’ 
expected some disruption to their daily routine so tried to plan for this and 
minimise it by scheduling work at convenient times, for example H4 knew the 
installations could not take place until the property was vacant so planned this 
during an opportunity to work abroad. The home is a resting place and disruption to 
daily routine should be minimised as a matter of priority by those entering the 
home when employed to carry out refurbishment work. Therefore, disruption 
relating to delays to the start date and duration of the work are discussed further in 
section 5.11.2. 
The physical process of the refurbishment itself was not found to have been 
considered in great detail by most householders’ prior to the refurbishment. 
Installers’ quoted the length of time the work should take but did not generally 
provide step by step accounts of the refurbishment process which would take place. 
Householders’ prioritised choosing trusted installers’, as highlighted by seven 
households. It seems that trust was placed in the installer to work competently, 
safely and efficiently in the home during the physical process of refurbishment.  
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5.11.2 What did they actually get?  
This section discusses the actual results of the refurbishment in relation to their 
original ‘motivations, ‘time and cost’ and refurbishment process’. 
Overall, households were satisfied with the final outcome in terms of energy 
efficiency, physical repair/replacement and increased floor space, in line with their 
motivations. Energy efficiency is discussed further in Chapter 7. The replacement of 
boilers provided particular satisfaction as the new boilers were all reported to be 
much quieter and easier to control than the previous models. The increased floor 
space was satisfactory; however the quality of the refurbishment was not as high as 
expected. Despite meeting expectations for outcomes, the process in which these 
outcomes were reached was not always what households expected and is discussed 
further in ‘unexpected factors’ below. 
Where time and costs were as expected, this provided householder satisfaction. 
However, start dates were delayed for five householders’ due to complications with 
the ECO scheme (four cases), obtaining planning permission (one case), architects 
carrying out planning (one case) and materials being supplied at the right time (two 
cases). For three households, the project itself lasted over one month longer than 
expected which caused considerable upheaval for each; one had a new baby and 
relatives visiting but was unable to use the ground floor as usual, one was left with 
scaffolding up and temporary downpipes over Christmas during their holiday away 
from home and one planned for the refurbishment to go ahead before moving 
abroad for work but this was not possible, leading to anxiety, increased costs and 
additional responsibilities for the architect. Previous research by Bates et al. (2012) 
found scaffolding on the side of a home could raise anxiety for householders’ due to 
fears of intruders accessing the property. Therefore, minimising the time a 
refurbishment takes will minimise this anxiety. 
Furthermore, some of the installations slipped into winter which led to thermal 
discomfort as doors were open during the refurbishment to allow installers’ access 
to the back garden. In line with previous research, householders’ were willing to 
tolerate disruption, but unexpected delays or complications caused considerable 
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stress (Vadodaria et al., 2010).  Householders’ were found to carefully schedule the 
work around their routines so start dates and duration delays led to routines being 
disrupted more than expected.  
The process of refurbishment provided the most unexpected factors, since most 
householders’ appeared to be unprepared for the level of disruption encountered. 
This highlights a gap in the information provided by installers’ showing poor 
management of householder expectations. These unexpected factors are detailed in 
the next sub-section. 
5.11.3 Unexpected factors  
This section discusses the unexpected factors experienced by householders’ during 
the refurbishment in relation to ‘mess’, ‘noise’, ‘unsafe working practices’, 
‘communication’, ‘trainees’, ‘relationships’ and ‘stress’. 
Householders’ expected a degree of mess during the refurbishment but some 
householders’ reported it be excessive, including waste blowing around the garden, 
mess left at the end of the day and generally large amounts of dust which had not 
been expected in such quantities. Some level of mess during a building 
refurbishment is inevitable, however, where efforts have been created to minimise 
it, householders’ are more likely to be satisfied.  
Work was reported to be noisy during drilling for wall insulation and boiler 
installations, whilst householders’ tolerated it this was not anticipated ahead of the 
refurbishment taking place. This finding aligns with previous work by Banks and 
White (2012). For installers’, the process of installing refurbishment measures is 
daily practice and therefore they may forget householders’ are not accustomed to 
high levels of noise during refurbishment work. Providing time to make 
householders’ aware of the process of work may encourage greater satisfaction and 
fewer unexpected accounts of disruption. 
Unsafe working practices were reported by two householders’. One highlighted that 
the processes and safety clothing worn would not be acceptable on a large building 
site but appeared to be possible within the home, due to the absence of a formal 
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‘construction manager’ perhaps and a main installer with a relaxed attitude to safe 
working practices. Whilst construction work is still one of the most dangerous 
industries, the practice of refurbishment work in customers’ own homes should 
always be carried out in the optimum safe and careful manner. Householders’ were 
found to value safe working practices when selecting installers’ and gain trust from 
going with recommendations of installer’ they already know for refurbishment 
measures so maintaining safe practices should aid creating future work. Energy 
efficiency refurbishment marks an opportunity to drive the industry forwards in 
providing excellent customer service, whilst providing a focus on the customer, in 
line with the Egan report’s recommendations (1998). 
Relationship challenges occurred between householders’ and installers’, 
householders’ and architects, householders’ and their partners and householders’ 
and their neighbours. Conversely, some installers’ developed good working 
relationships with other installers’ working on-site and some householders’ 
developed trust for installers’ who they would recommend to others. Where 
relationship difficulties occurred, it seemed better communication, honesty and 
reliability may have alleviated some of the strains. A lack of communication from 
installers’ may be due to the installer being short of time, or lacking clear 
communication skills, both factors could be addressed to provide better service and 
potentially keep the installer’s reputation positive, leading to more work. Policy 
incentives could be deployed to encourage installers’ to develop positive 
relationships with other installers’, consequently enabling a more streamlined 
service to households. 
Installers’ were found to gain experience carrying out energy efficiency 
refurbishments whilst working in peoples’ homes, which was of particular interest 
to two householders’, whilst also causing some anxiety for those householders’. 
Householders’ invest personal savings or inheritance money into the refurbishment 
work as a considered investment and it seems unreasonable that those carrying out 
the work are training on site. Green Deal approved provider organisations did not 
appear to have all staff working within them trained to the same level. This is 
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something which must be considered when ‘accrediting’ organisations within future 
policy mechanisms. 
Whilst each householder made the decision to refurbish their own home, the stress 
resulting from unexpected challenges, disruption, noise and mess could be reduced 
by better provision of information to householders’ before the work starts. Further 
consideration by installers’ over householder comfort may allow them to help 
householders’ prepare for this period. This awareness may assist installers’ to 
provide advice on the comfort benefits householders’ may experience following 
refurbishment. Research in Australia found that consideration of daily practices, 
instead of focus on short-term financial incentives may be useful in encouraging 
adoption of energy efficiency measures (Maller et al, 2011). Recent research in this 
area by Lees and Sexton (2013) on low-carbon technologies in new homes found 
that any potential disruption of a household’s everyday life due to the installation of 
a low-carbon technology can lead to dissatisfaction with that product, which may 
lead to householders’ either not using a technology as planned, or advising against 
installations to friends and family. Whilst most of the present householders’ did 
achieve the overall outcome expectation in terms of energy efficiency, comfort and 
space, the process encountered may deter them from recommending such 
measures to other people. 
5.12 Chapter conclusions  
This chapter responded to the following research question ‘RQ1. What are the 
householder expectations of an energy efficiency installation and what do they 
actually get?’ In order to answer these questions in relation to the refurbishment 
process, householders’ were interviewed pre and shortly after the refurbishment 
process took place. The data used was based on semi-structured interviews with 
households both pre and post refurbishment.  
In response to RQ1, householders’ expectations for the outcome of the 
refurbishment were connected to their initial reasons for planning the 
refurbishment: ‘repair’ (six households), whilst ‘improving energy efficiency’ (six 
households), and ‘increase floor area’ (one household). Overall, these expectations 
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were met. However, during the ‘pre installation’ stage, householders’ struggled to 
find reliable energy efficiency advice and if they had found more informed advice 
they may have sought to achieve higher energy efficiency standards. 
Householder expectations for the refurbishment itself were less clear. Most did not 
know what to expect in terms of the installation process. Whilst some had received 
fairly detailed information during the quote stage, many were still unsure of exactly 
what was involved and how disruptive the work would be in terms of mess, noise 
and safety. They put a great deal of trust on the installer to work competently 
within the home and prioritised choosing installers’ who they felt would do this. 
Dissatisfaction was experienced where delays were experienced to start dates (five 
households) or to the duration of work. The duration of work was over one month 
longer than expected for two households, both during external wall insulation 
installation. This caused unnecessary disruption to householders’. The reasons for 
delays to start dates included gathering tender documents and arranging 
contractors for a whole-house refurbishment, gaining planning permission for 
external wall insulation and going through the ECO processes. 
The delays to the work itself came from a lack of experience and organisation on 
site, an organisation going into liquidation or slow working practices. Trainees or 
inexperienced installers’ were found to be installing external wall insulation within 
Green Deal accredited installer organisations by three householders’. Furthermore, 
some installers’ were found to be working unsafely. Coupled with a lack of clear 
communication, this type of behaviour left three householders’ very dissatisfied. 
Safe working practices should always be followed in construction projects, but 
particularly when working in people’s homes. These findings highlight a flaw in 
refurbishment practice and local building control. The Egan Report (1998) set out to 
address the challenges such as these, previously encountered within the 
construction industry. However, it seems that since 1998, the practices of those 
working in domestic refurbishment within the construction industry has not been 
improved to provide a focus on the customer’s needs, as it was recommended to be, 
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by Egan. The energy efficiency refurbishment market presents an opportunity to do 
things differently. 
The refurbishment process itself entailed a few unexpected factors, which caused 
some householders’ considerable stress which for one was the most stressful thing 
they had ever experienced. This seems avoidable as it was encountered mostly 
through disruption levels, poor workmanship, unsafe working practices and conduct. 
All factors which could be improved, particularly when working within people’s 
homes which they have worked to buy, maintain and refurbish. Overall, they are 
not encouraging for those wishing to adopt energy efficiency refurbishments and 
the advice provided by these householders’ to their neighbours, friends and 
relatives may deter others. Further discussion on these key themes, alongside other 
chapter findings takes place within the Chapter 8: Thesis Discussion. 
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6. LIVING ENVIRONMENT COMFORT  
6.1 Introduction 
This chapter responds to ‘RQ2. Do the householders’ perceive an internal 
environment improvement?’, and partly, ‘RQ1. What are the householder 
expectations of an energy efficiency installation and what do they actually get?’ 
following on from the previous chapter. In this way it addresses the following 
objective: ‘O3. To evaluate and compare the quality of living environment comfort 
before and after the energy efficiency refurbishment. This includes the 
householder’s expectations of refurbishment (RQ1) and their perceptions following 
refurbishment (RQ2 and RQ1), with supporting quantitative measurements. This 
was done using a combination of semi-structured interviews with householders’ pre 
and post refurbishment, as detailed in Chapter 3. These data were triangulated with 
measured data from the homes including air temperature measurements from each 
room, relative humidity measurements from living rooms, air leakage tests and 
building dimensions (for floor-area weighted calculations), the data collection 
methods for each are also provided in Chapter 3. The temperature measurements 
taken to better understand comfort, also formed inputs to the space heating energy 
demand modelling, presented in Chapter 7. 
Previous research in relation to comfort has found that householder preferences for 
temperatures, draughts and aesthetics vary. Whilst increasing temperatures can 
lead to health benefits for some householders’ (Oreszczyn et al, 2006), other 
research suggests that warmer homes can be associated with a ‘stuffiness’ leading 
to poor air-quality that can increase asthma ailments (Critchley et al, 2007). 
Furthermore, people sometimes like to feel a draught of fresh air in the home 
(Banfill et al, 2011). However, ventilation is also a heat loss path (Coley et al., 2007). 
Previous research on pre and post refurbishment comfort has often been focused 
on social housing tenants or fuel poor households (Banks and White, 2010; 
Gilbertson et al, 2006; TSB, n.d.), as opposed to owner-occupied households, and 
has not always included questions on acoustics. 
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The results for this chapter start with section 6.2 Householder rankings of comfort 
factors, followed by 6.3 on thermal environment comfort, then 6.4 on building 
fabric infiltration and draughts; 6.5 on humidity and condensation and 6.6 on other 
factors affecting comfort. The chapter results are then discussed and concluded in 
sections 6.7 and 6.8 respectively. 
6.2 Householder rankings of comfort factors 
To gain initial insight into the householders’ perceptions of comfort conditions, each 
interview participant was asked which comfort factor, from a choice of four, they 
felt was most important in providing comfort within their home. The choices were 
air quality, temperature, acoustics and aesthetics, (Table 19). In total there are 13 
responses from the 10 households as H1, H5 and H6 included responses from the 
two main householders’, as opposed to one main householder for other households. 
Table 19. The ranking of comfort conditions to householders’ (1 is most important, 4 is least important) 
Factor  H1a H1b H2 H3 H4 H5a H5b H6a H6b H7 H8 H9 H10 Median 
Temperature 4 1 1 2 3 1 1 1 1 1 2 3 2 1 
Air quality 1 2 2 1 2  2 2 4 3 4 3 2  3 2 
Acoustics 2 3 2 4 1 3 4 3 4 3 1 1 3 3 
Aesthetics 3 4 2 3 4 4 3 2 2 2 4 4 1 3 
 
Temperature was found to be the most important factor for seven out of the 
thirteen participants and had gained a median score of 1. This was followed by air 
quality with a median of 2, then acoustics (3) and aesthetics (3). This is similar to the 
findings of Humphreys (2005), who found UK survey respondents ranked warmth 
highest, then air quality, air movement, humidity, noise and light. 
The householders’ were then asked whether any of these comfort factors were a 
source of discomfort within the home before the energy efficiency refurbishment. 
Table 20 shows which of these were highlighted by each household (marked by ‘X’). 
The responses for the two householders’ in H1, H5 and H6 were all included. The 
households which did not report any of the factors to be a particular source of 
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discomfort within this particular exercise remain blank in this table. Temperature 
was found to be a source of discomfort within five households. This was followed by 
air quality and acoustics which three households selected as sources of discomfort. 
These results were used as a basis for discussion during the post-refurbishment 
interview. 
Table 20. Factors which caused discomfort within the home pre-refurbishment 
Issue H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Total 
Temperature X X  X X  X    5 
Air Quality   X X  X     3 
Acoustics  X  X  X     3 
Aesthetics           0 
 
To summarise section 6.2, householders’ ranked temperature, air quality, acoustics 
and aesthetics in order of importance to them within the home environment, this 
resulted in the order presented here according to mean results. Following this, 
householders’ selected any of those which were generally a problem within the 
home pre-refurbishment and temperature received five household nominations, 
followed air quality, then acoustics and then aesthetics.  The reasons why these 
factors were sources of discomfort within the home are explored further within the 
following subsections. The next sub-section describes the findings relating to the 
thermal environment comfort. 
6.3 Thermal environment expectations, perceptions & measurements 
Improvements in householder comfort relating to the thermal environment could 
result from the upgrade of the home’s building fabric performance through wall 
insulation or window replacements, in addition to improved heating system 
function through boiler replacements. Table 21 shows the householder 
expectations (pre refurbishment) and perceptions (post refurbishment) in relation 
to the overall thermal environment then heat loss by cold surfaces, heating system 
control and draughts. 
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Table 21. Comfort expectations and perceptions 
Factor Pre refurbishment perceptions: 
example quotes 
Expected 
benefits pre. 
Perceived 
benefits 
post. 
Post refurbishment 
perceptions: example quotes 
Temperature  “…it’s not a warm house in the 
winter….. it’s…a cold house.” [H7] 
H2, H4,  H5, 
H7 
All (H8 via 
heating, not 
fabric) 
“Yeah it is warmer and more 
comfortable.” [H7] 
 
Heat loss and 
cold surfaces 
“The front room is quite …cold. 
Because it’s got external walls. 
 
And it’s North facing”. [H1] 
H1, H2, H4, 
H5, H6, H7 
H1, H2, H4, 
H5, H6, H7 
 
“I’ve noticed the biggest 
difference, in that front room… 
was always really cold and now 
it doesn’t seem...cold.” [H1] 
 
Heating system 
control 
“The warmest (rooms) our two 
studies… because …the radiators 
work…properly.  We have to 
shut …bedroom five door…that 
radiator doesn’t work.” [H3]  
H3, H9, H10 
 
H3, H4, H5, 
H8, H9, H10 
 
“..you go to bed to a warmer 
house and it doesn’t cool down 
as quickly because the house is 
evenly heated.” [H3] 
Draughts  “.. the front door is a problem, both 
the letterbox and the…edge around 
it.  It’s an acoustic problem as well, 
because when the wind blows at 
the wrong angle, it howls in a very 
disturbing fashion”. [H3] 
 H1, H2, H5, 
H6, H7,  
“Yeah, there’s less draughts. 
Yeah, they (windows) are better 
like that.”[H7] 
 
The following four subsections, explain these findings further. 
6.3.1 Temperature perceptions 
H2, H4, H5 and H7 expected to feel warmer in some way following the 
refurbishment through the addition of wall insulation and window replacements, 
plus boiler replacements for H4 and H5 in addition to a whole-house refurbishment 
for H4. H2 was expecting to feel slightly warmer, even whilst heating to the same 
temperature.  H5 struggled to work in a cold home during weekdays and had an 
expectation that insulating the cavities of the walls would lead to a more constant 
temperature within the home. H7 expected to create a generally warmer home as a 
result of replacing all single glazed windows with double glazing, as the house 
became very cold in winter.  
Post refurbishment, H2, H4, H5 and H7 did notice a temperature improvement. In 
addition, H1, H3, H6, H9 and H10 also noticed an improvement to the temperature 
within their home which was unexpected for them, therefore exceeding their 
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expectations. H8 was the only household who felt cooler post refurbishment due to 
the new extension having “leaky” windows. The next section explores measured 
temperatures pre and post refurbishment. 
6.3.2 Temperature measurements 
To investigate the overall thermal environment pre and post refurbishment the 
indoor air temperature data was analysed in combination with the qualitative 
findings. The results are summarised in Table 22. The grey bands highlight detached 
houses, the other houses are semi-detached and H4 is a semi-detached bungalow. 
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Table 22. Living room and whole house air temperature comparisons 
 Living room mean temperature (oC) 
 
Whole-house mean 
temperature (oC) 
Evening 
(19:00 – 22:00) 
Night 
(00:00 to 06:00, 
at 5oC outdoor) 
Floor area weighted 
 Apr-13* Mar-14 change Pre** Post change Apr-13 Mar-14 change 
H1 14.1 13.5 +0.6 11.4 12.7 +1.3 14.5 14.9 +0.4 
H2 16.4 15.4 -1 14.8 14.0 -0.8 14.3 14.7 +0.4 
H3 19.8  --- 17.3 17.4 +0.1 18.0  --- 
H4 15.7  --- 14.4 18.8 +4.4 13.2  --- 
H5 19.3 17.5 -1.8 15.0 15.8 +0.8   --- 
H6 19.8 18.6 -1.2 17.0 18.0 +1.0 19.0 16.9 -2.1 
H7 16.4 16.4 0 14.1 16.3 +2.2 16.3 15.9 -0.4 
H8 19.7 20.4 +0.7 18.4 17.8 -0.6 19.9 15.7 -4.2 
H9 20.7 21.1 +0.4 16.8 20.6 +3.8 18.3 20.1 +1.8 
H10  20.6 ---  16.8 ---  18.3 --- 
Mean 17.7 17.0 -0.7 15.3 16.4 1.1 16.5 15.6 -0.8 
*Apr-13/ Mar-14 used for fixed periods, **pre/ post used for all days under 15oC outside 
 
The data within Table 22 is explored further below in in order of mean living room 
temperatures (19:00 to 22:00); normalised night-time temperatures (00:00 to 
06:00); and whole house floor weighted temperatures (00:00 to 23:59). 
The mean living room temperatures taken during April 2013 runs from week one of 
April for H1-H3, week two for H4, week three for H5-H7 and week four for H9, H10 
began in July. It is not a complete month for all households due to the timing of 
visits, but as much data as was available for each is used to maximise the quantity 
of data from ‘cold’ days represented for each in April 2013. The hours of 19:00 and 
22:00 were selected as it is between these times that most householders’ stated, 
during the interviews, that they were likely to be at home and using the heating. 
Please note that these temperatures have not been normalised as they are 
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intended to reflect the actual living room temperature pre and post refurbishment, 
irrelevant of the external temperature. This allows a more meaningful comparison 
of the pre and post indoor temperatures when the heating is off. The full summary 
of the dates the sensors were launched is provided in Appendix 2.  
Most living room temperatures were lower between 19:00 and 22:00 during March 
2014, compared with April 2013 (during weekdays and weekends).  This is surprising 
as most households reported feeling warmer within the home post refurbishment; 
however the mean outdoor temperature was 2.3oC lower in April 2013, than March 
2014. H2 planned to heat to a lower temperature post refurbishment, which may 
explain the measured reduction of 1oC. This appeared to be due to a feeling that the 
house would feel warmer at lower temperatures, with external wall insulation 
installed. H2 only heated rooms in use and carefully controlled zonal heating by 
using a portable programmer/ thermostat and manually turning off thermostatic 
valves when not in a room. Therefore, may have expected a reduction in heat loss 
between rooms post-refurbishment, due to lower heat loss through external walls. 
Conversely, H8 and H9 were found to have temperature increases of 0.7oC and 
0.4oC respectively; H8 and H9 both received boiler replacements and reported 
increased heating control. H8 also had a new baby in the home and reported 
heating more hours of the day to provide comfort to the baby. H8 reported feeling 
cooler in the living room due to additional heat loss from the “leaky” new windows 
in the extension, however, the mean living room air temperature measurements 
were higher than pre refurbishment, which may also be due to the increased length 
of heating periods.. H9 reported an improvement in heating control which may 
show that they were previously unable to heat to a temperature they found 
comfortable.  
Pre refurbishment, the mean temperature of household living rooms ranged from 
14.1oC to 20.7oC. It is notable that H2 maintained a particularly low temperature 
and stated a preference to heat to 15oC in the rooms used only; this was primarily 
for energy and money conservation purposes. H2, H4 and H7 also heated their 
homes in the evenings to relatively low temperatures at 16.4oC, 15.7oC and 16.4oC 
respectively during 2013 and 15.4oC for H2 and 16.4oC for H7 during 2014. H1 did 
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highlight feeling cold in the living room during the pre-refurbishment interview and 
hoped this would become warmer following the installation of their windows and 
external wall insulation; the mean, post refurbishment, was 1oC lower, however this 
could be due to variable external temperatures or a change in occupancy and 
subsequent heating use during the evenings.  
To account for change in outdoor temperatures, the living room night-time 
temperatures (both pre and post refurbishment), were normalised to an outdoor 
temperature of 5oC, using the methods outlined in section 3.7.3. Normalising the 
outdoor temperature to 5oC during the night allows the indoor temperature to be 
compared pre and post refurbishment when the heating is off whilst minimising the 
impact of indoor air temperature resulting from variable external air temperature. 
The night-time temperatures were normalised as opposed to daytime temperatures 
to minimise the impact of the heating set point temperatures. Oreszczyn (2007) 
normalised mean temperatures between 20:00 and 08:00, but in the current 
research this was calculated between 00:00 and 06:00 as this is when most 
households reported their heating was turned off, except H3 who reported heating 
throughout the night post refurbishment and has therefore been excluded from this 
section of the table. H6, H8 and H9 used the heating system to maintain a 
comfortable temperature for their babies, that may have included night-time 
heating but this was not explicitly stated and was not checked by the researcher. 
H1, H4, H5, H7 and H9 were all found to have higher temperatures post 
refurbishment by between 0.8oC (H5) and 4.4oC (H4). H2 was found to be 0.8oC 
lower in temperature. However, this could be explained by a change in occupancy 
as during 2013 H2 had two housemates and during 2014 just one. H2 only heated 
occupied rooms both pre and post refurbishment (using a mobile programmer and 
thermostatic radiator valves in individual rooms). The mean temperature of all 
households between 00:00 and 06:00 when the external temperature is normalised 
to 5oC, increased from 15.4oC to 16.8oC.  
Floor area-weighted temperatures were used in addition, as this provides a more 
accurate indication of the whole house temperature. These data were not 
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normalised as they were intended to reflect the lived and perceived temperatures 
pre and post refurbishment. 
The floor weighted mean ranged from 13.2 to 19.9oC during April 2013 and 14.7oC 
to 20.1oC in March 2014. However H4, measured at 7.5oC but was undergoing 
refurbishment and unoccupied during March 2014 and has therefore been excluded 
from the overall post refurbishment mean for occupied homes. The floor-weighted 
temperature is typically lower than the living room temperature between 19:00 and 
22:00 as it is taken over a 24 hour period and includes unheated and unoccupied 
periods of time. This was chosen to provide an indication of overall internal 
temperatures within households, not just the heating rooms and heated times.  
H1, H2 and H9 all showed a temperature increase for the whole house temperature. 
H1 and H2 installed external wall insulation so this would be expected, if they were 
heating their houses in a similar way due to reduced heat loss. For H6 and H7, there 
was a temperature decrease when considering the whole house. H6 had a young 
baby during 2013 who turned one years of age during 2014 which could partly 
explain a reduction in temperature due to less risks resulting from low air 
temperatures for the baby. H8 recorded a decrease in the whole house 
temperature by 4.2oC pre and post refurbishment, which might explained by a new 
extension to the house, which, as stated previously, he complained was “very leaky”. 
H8 also struggled with using the new heating controls at first. The following section 
explores thermal environment comfort in relation to heat loss and cold surfaces. 
6.3.3 Heat loss and cold surfaces  
H1, H2, H4, H5, H6 and H7 were the households which installed insulation and 
window replacement measures and all highlighted the expected benefits of reduced 
heat loss their measures should provide, though more in relation to energy saving 
than comfort. H9 planned two window replacements due to broken double glazing 
seals, but did not state an expectation for thermal benefits as a result of this. 
Pre refurbishment, H1 made reference to the U-value of the windows they selected 
(at 0.87Wm2/K) and knew that a lower value in the new windows would lead to a 
reduction in heat loss. H1 also made reference to the living room external walls 
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facing north which results in a lack of solar gain on the external surface and 
consequently a lower surface temperature than other external walls, leading to 
increased heat loss.  
H2 received advice from a friend when opting for insulation and chose external wall 
insulation, as opposed to internal insulation. During the interview, H2 stated that 
this was expected to avoid cold spots, or thermal bridges, in the wall.  H2 had 
previously carried out personal research on improving the energy efficiency of a 
home and opted for the most affordable external wall insulation with the lowest U-
values, to provide the greatest benefit.  
Furthermore, H6 had researched heat loss as part of a personal project so was well 
informed and planned to install triple glazed windows with an expectation that this 
would minimise heat loss, in addition to external wall insulation. H5 felt that 
without cavity wall insulation, heating the home was wasteful with such high heat 
loss through the walls.  
H7 had expectations resulting from past experiences; in a previous home H7 had 
replaced singled glazed windows with double glazing and had noticed that the area 
around the windows felt warmer afterwards. H4 planned the refurbishment to be a 
very low energy design from the start and selected components for walls, windows, 
floors and the roof with high specification and low conductivity values which he 
expected would provide a vast reduction in the heat loss.  
Whilst householders’ had expectations for reducing heat loss, these were not 
always coupled with expectations for thermal environment comfort benefits across 
the whole-house. Consideration appeared more in line with temperatures surface 
temperatures and energy demand. The following section explores heating control. 
6.3.4 Heating system control  
Thermal discomfort may occur when householders’ are not able to control 
temperature using a functional heating system. Feeling a lack of control over the 
heating system can lead to overall dissatisfaction, or discomfort defined by Cole et 
al. (2008). In addition, energy wastage may result from overheating spaces. For 
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example Beizaee et al. (2015) found that energy use could be further reduced by up 
to 12% through zonal heating control compared with heating a whole space.  
Pre refurbishment, H3, H4, H5, H8 and H9 had faulty heating systems, or had 
difficulty controlling the temperature within the home. This was due to either the 
responsiveness or functionality of their heating control system, or the performance 
of part or all of their pre refurbishment heating systems. Further details are 
provided for each household: 
• H3 reported that three radiators in the property were not fully operational 
and either did not fully heat up, or did not heat up at all, which led to 
significant variation in temperature between rooms; the participant 
preferred to heat rooms to an even temperature and could not achieve this.  
• H4 was living without a central heating system pre refurbishment and 
heated the home using a wood-burner and electric radiator. Whilst H4 could 
provide enough heat, the wood-burner did not provide an equal distribution 
of heat within the room as it often provided too much heat in the part of the 
room it was located and other parts felt cold, H4 reported. Furthermore, H4 
timed showers when the wood-burner was in use, so that it was possible to 
step out of the bathroom and into the warmest part of the room.  
• H5 did not have a radiator in the kitchen, which they reported did often feel 
cold, they also felt the boiler was old and running inefficiently.  
• H9 had issues with keeping the radiators at a steady temperature; the 
radiators would often default to their maximum output and heat the house 
to a temperature higher than preferred, causing thermal discomfort and 
energy wastage. In addition, it was quite noisy and led to their daughter 
sleeping in a bedroom further away from the boiler; this bedroom had a 
faulty window and became draughty.  
• H8 found that the boiler would default to heating the water to a much 
higher temperature than set through the use of controls; the boiler would 
also switch itself off and work intermittently. In addition to the problems 
with heating control, H8 planned to install a boiler with a larger capacity to 
ensure it would be able to sufficiently heat the conservatory. 
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• H10 received advice from a plumber on improving heating control and 
hoped that, by replacing their boiler, installing a programmable timer and 
thermostatic radiator valves, they would improve the control of heating in 
terms of usability.  
As all five cases who reported boiler issues were replacing their boilers due to these 
faults, it was assumed that they expected the replacement boilers to work correctly 
following refurbishment, but not necessarily improve the thermal environment. 
Three households (H3, H4 and H9) specifically stated that they expected to see an 
improvement to their heating control.  
Post refurbishment, H3, H4 and H9 did feel able to control the temperature of their 
spaces better, as a result of having a functional heating system which responded 
well to the controls. However each one initially struggled to use the heating 
controls and programmers due to the complexity of modern programmers and new 
functions available. H5 actually replaced their new programmer for a more user-
friendly model and then felt able to control their heating better. H8 was dissatisfied 
overall due to feeling unable to control the temperature within the extension and 
an overall belief that the home was cooler as a result. 
To summarise section 6.3, four households expected to feel warmer post-
refurbishment, but nine households reported they did perceive a thermal comfort 
improvement. Night-time measurements showed a clear increase in mean 
temperatures across all households. In relation to heat loss and cold surfaces, six 
out of seven households who were planning either wall insulation or window 
replacements stated an expectation for warmer surface temperature either directly 
through discussing their specification in relation to u-values, or through discussing 
previous experiences of having windows replaced. Heating system control was 
considered in a broad sense to control the system altogether and to control 
individual thermostats and programmers. Pre-refurbishment, five households had 
faulty heating systems and an assumption was made that all expected this to 
improve as a result of replacing it, householders’ did not specifically talk about 
expectations for new programmers however, they all found them complex to start 
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with and one household actually replaced the given programmer for a more user-
friendly model.  
6.4 Building fabric infiltration and draughts  
As 20% of the UK’s space heating load is accounted for by infiltration of cold air 
(Palmer and Cooper, 2011), reducing loss through air infiltration is one approach 
households can take in reducing energy demand. Draughts also affect householder’s 
overall satisfaction with the thermal environment (Zalejska-jonsson and 
Wilhemsson, 2013).  
Air-leakage can often be reduced by relatively simple and low-cost measures 
(Johnston et al., 2004), examples of which include sealing junctions between walls 
and doors or window frames, draught-proofing loft hatches, sealing junctions 
between floors and external walls and service penetrations in external walls, or 
floors (Johnston et al., 2004).  
6.4.1 Draughts 
Pre refurbishment, seven households reported draughts within their home. For H1, 
H2, H5, H6 and H10 these were around door, window and letter box openings. In H9 
they experienced draughts through air vents during very windy periods. H5 and H8 
had chimneys which allowed cold air flow into the home as the heated air would 
rise up the open chimney. H8 also had exposed floor boards and reported that large 
gaps became a pathway for cold air. H2, H7 and H8 had undertaken draught-
proofing measures prior to the current research period, which they reported had 
been helpful. H3 and H4 had no issue with draughts and H9 would have preferred 
more air flow in the home pre refurbishment.  
Households did not report draughts to be a source of particular discomfort, even 
though they were aware of them. Draughts were not highlighted by householders’ 
until they were asked to mark them on a floor plan. When asked about the 
expectations of the refurbishment and motivations for undertaking measures, 
draughts were not reported to be an expected benefit. 
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Post refurbishment, draughts were reported to have decreased for five households 
(H1, H2, H5, H6 and H7). The initial floor plan sketched was used as a reminder of 
where the draughts reported pre refurbishment were and the householders’ 
reported whether they had noticed a reduction in this, or not. H10 did not install 
any measures which were likely to affect the fabric air leakage. H1, H2 and H5 
carried out draught-proofing measures in addition to planned insulation measures. 
H6 noticed reduced air flow around her patio door window, which was replaced 
with triple glazed doors. H7 reported fewer draughts around her windows. H8 fitted 
a chimney balloon which decreased draughts in the living room; however, H8 
reported an overall increase in draughts due to the “leaky” windows reported 
previously. H4 felt the building was very draught-proof following refurbishment. 
6.4.2 Fabric air leakage measurements 
The ‘blower-door test’ method was used to measure building fabric air-leakage for 
H1, H2, H4, H5, H6, H8, H9 and H10 and the results are shown in Table 23, alongside 
the measures installed which are further discussed in the paragraphs below. H6 was 
tested following the window replacements.  H8 was tested pre refurbishment, 
however the test failed as it appeared the building was too draughty; the test was 
successful following the extension build and chimney balloon fitting, indicating that 
the chimney was previously a large point of air flow, since H8 felt the extension 
created additional draughts. H3 and H7 opted out of this section of the study. H1, 
H2, H4, H8, H9 and H10 were tested around May 2013 and May 2014; H5 was 
tested in May 2013 and August 2013. The results used for comparison are based on 
the surface area of the building and are measured in m3 of air travelling through an 
m2 of fabric surface area each hour at an air pressure difference of 50 Pascal. This is 
expressed as m3/h.m2 @50Pa, also known as the ‘Q50’ result. The current regulatory 
maximum leakage for new build housing is 10 m3/h.m2@50Pa (Part L, 2010), 
existing housing does not have a regulatory threshold. 
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Table 23. Building fabric air leakage test results and measures installed 
 Air leakage, Q50(m
3/h.m2 @50Pa) Measures installed 
 Pre Post Change W I B DP 
H1 18.25 10.19 - 8.06 X X   X 
H2 9.61 7.35 - 2.26  X  X 
H3 - - -   X  
H4 15.16* 0.76** - 14.4 X X X X 
H5 10.85 6.43 - 4.42  X X X 
H6 - 12.28  X    
H7 - - - X    
H8 Test failed 15.88 - X   X X 
H9 6.09 4.94 - 1.15 X  X  
H10 11.33 11.09 - 0.24   X  
* lc = loft closed, **lc = loft open (see text below), W = Window, I = wall Insulation, B = Boiler and DP = 
Draught-Proofing 
For households tested pre and post refurbishment, there is a reduction in air 
leakage for each. H4 achieved the lowest air leakage rate (0.76 m3/h.m2 @50Pa) 
and underwent a long process of air leakage sealing lasting approximately four 
weeks, in addition to wall, floor and roof insulation and triple glazed windows. The 
test was carried out twice pre refurbishment, once with his loft hatch open 
(measuring 71.94m3/h.m2 @50Pa) and once closed (measuring the usable space); 
pre refurbishment H4 did not use the loft area and used a well-sealed, insulated 
loft-hatch to minimise heat loss through the loft space. The home was single storey 
bungalow pre-refurbishment; the loft area was adapted and used as a first floor 
bedroom with en-suite shower room post-refurbishment. 
H1, who installed three replacement windows and external wall insulation, plus 
draught-proofing around existing windows and within the conservatory, measured a 
reduction in air leakage of 8.60m3/(h*m2 surface area), resulting in 10.19m3/(h*m2 
surface area), which is only marginally higher than the new build standard of 
10m3/(h*m2 surface area). H2 measured a difference of 2.26m3/ (h*m2 surface 
area), resulting in 7.35m3/ (h*m2 surface area), this improvement was made with 
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the addition of insulation and additional draught-proofing between her floorboards, 
and within a boarded window space.  
H5 was measured a reduction in air leakage of 4.42 m3/ (h*m2 surface area) to 
6.43m3/ (h*m2 surface area), following the insertion of cavity wall insulation and 
draught-proofing measures including boarding their chimney, replacing air bricks 
with solid bricks and plastering/painting them, covering a window vent with tape 
and replacing a mechanical fan in their bathroom. The householders’ had also 
undertaken a whole house re-decoration including re-painting and carpeting most 
rooms which is also likely to result in increased air leakage. At the time of the post 
refurbishment test the only room they were yet to refurbish was the kitchen. In 
addition, they replaced their boiler and filled the old flue gap as a new one was 
made in their kitchen wall. H10 made the smallest reduction, following his boiler 
replacement, from 11.33m3/ (h*m2 surface area) to 11.09m3/ (h*m2 surface area), 
possibly resulting from a change in boiler flue and the surrounding seal.  
H8 felt the skylight and bay window designs were poorly designed, with poor 
junction detailing and had been considering ways to improve this, “…I’m thinking 
about having some extra double glazing put in to try and make it warmer [in the 
extension roof-light].” H8 had been struggling to heat the extension space which 
although was a large space, had powerful radiators but lost heat very quickly, “the 
thermal mass should keep it warm for a bit”. As H8 had some expertise within the 
field and knowledge of the building regulations becoming more stringent in terms 
of energy efficiency in recent years, this led to increased disappointment: “I just 
thought with the building regs, even a little heater would keep it warm, even though 
it’s big.  But …” (H8). This shows a deep understanding of the issues but frustration 
in not really knowing the best way to tackle the unexpected heat loss, suspected via 
air leakage. A less informed householder might be more accepting but ultimately 
the window installations could be typical of other new windows leading to poor 
energy efficiency in similar cases. The air changes per hour findings are presented 
next, followed by a section summary on draughts and air infiltration. 
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6.4.3 Air changes per hours 
From the air-leakage test data, air changes per hour (ac/h) were also estimated. The 
output figure of the test is representative of the ac/h at a pressure of 50 Pascal. This 
can be divided by 20 to estimate the ac/h at ambient air pressure (Sherman, 1998). 
Table 24 shows the values for each household measured. 
Table 24. Air changes per hour pre and post refurbishment 
  H1 H2 H4 H5 H6 H8 H9 H10 
Pre ac/h (1/h) 1.03 0.48 0.99 0.54 0.75  0.32 0.55 
Post ac/h (1/h) 0.71 0.37 0.03* 0.32  0.61 0.26 0.54 
Difference -0.32 -0.11 -0.96 -0.22     -0.06 -0.01 
*Mechanical ventilation system installed 
The average ac/h in UK homes is 0.7ac/h (Ridley et al, n.d.). According to Ridley et al 
(n.d.) the BRE recommend a ventilation rate of between 0.5 ac/h and 0.7ac/h as 
adequate to control indoor pollutants and provide sufficient fresh air. According to 
Das et al. (2013), the optimal is 0.4ac/h for houses (Das et al. 2013), below which 
indoor air quality may suffer. The post refurbishment values range from 0.71ac/h to 
0.03ac/h. H2, H5 and H9 are all below the recommended optimal level of 0.4ac/h 
(Das et al. 2013) which could mean they are now at risk of poor air quality, if 
ventilation is not carefully considered. The balance between an air-tight building 
and good air quality is an increasingly important area of consideration in energy 
refurbishments. In terms of air quality these results this raise question about 
suitable ventilation methods for homes which are refurbished to achieve very low 
air leakage rates. One household installed mechanical ventilation, whilst the other 
homes depend on window opening to ensure adequate ventilation levels are 
maintained; whereas some of their homes would have originally provided much 
more air infiltration and fresh outdoor air as a consequence.  
In summary of section 6.4, draughts were reported pre-refurbishment by seven 
households’, however not until they were asked to mark them on a floor plan. Post-
refurbishment draughts decreased for five households. Homes were found to have 
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a decrease in air leakage post refurbishment when compared with pre 
refurbishment results of between 0.24m3/h.m2@50Pa and 18.25m3/h.m2 @50Pa, 
leading to results ranging from 0.76 m3/h.m2 @50Pa (whole-house refurbishment) 
to 15.88m3/h.m2 @50Pa (extension build). Three households achieved the target 
threshold for new build homes of 10m3/h.m2 @50Pa, and two came close. The 
following sub-section describes the findings in relation to condensation and relative 
humidity. 
6.5 Condensation and relative humidity 
Condensation is created through warm moist air landing on a cold surface. Warm air 
holds moisture and once this comes into contact with a cold surface, it condenses. 
Moisture is produced in a typical home through human perspiration and activities 
which produce water vapour such as showering, bathing, cooking, washing and 
making hot drinks. It can be controlled by a careful balance of ventilation and 
heating (CIBSE, 2015). However, in some households, condensation can cause 
problems, especially in older houses with single glazed windows as the window is a 
much colder surface than the wall due to the high thermal conductivity of glass, in 
comparison to walls.  
6.5.1 Householder perception of condensation 
Pre refurbishment, seven households reported problems with condensation (H1, H2, 
H4, H7, H8 and H9). For H1, condensation could be found around windows, 
sometimes leading to the curtains getting wet, as well as in the WC which was 
unheated. H2 reported condensation on the fitted bookshelves within the cavity 
between the chimney breast and the external rear wall of the living room. H4 
reported condensation on the walls and made reference that this was due to under-
heating the space. H7 reported condensation forming on the single glazed windows. 
H8 had some small spots of condensation on an upstairs window, where there was 
a gap in the window frame which created a cold spot. H9 reported some issues with 
interstitial condensation forming within the two panes on both their kitchen and 
daughter’s bedroom window, as a result of damaged double glazing seals. 
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H1, H2, H6 and H9 reported mould formation, associated with condensation (and 
relative to temperature). H1, H3 and H9 reported using a dehumidifier to control 
humidity within the air. For H3 this was in the living room and for H9 this was on the 
landing. H3 stated that he had no problems with condensation or mould, perhaps 
due to the de-humidifier use. 
Five households (H1, H2, H6, H7 and H9) expected to see a reduction in 
condensation. H2 and H6 expected improvements as a result of fitting external wall 
insulation, H7 felt that replacing single glazed windows with double glazing would 
reduce condensation on the windows themselves but was slightly concerned that 
the condensation would then form somewhere else. H9 planned to replace the 
faulty windows. 
Post refurbishment, the five households who expected a condensation reduction 
(H1, H2, H6, H7 and H9) were satisfied with a condensation reduction. H1 was 
satisfied with a significant reduction after installing triple glazed windows in the 
front room and insulating the external walls, “Less, much less than before. ....the 
curtains used to get wet.” (H1).  The relative humidity measurements are included 
next, before summarising the section. 
6.5.2 Relative humidity 
The monthly mean for relative humidity was measured within the living rooms of 
each home at 15 minute intervals in April 2013 and March 2014, as presented in 
Figure 15.  The data included for April 2013 runs from week one of April for H1-H3, 
week two for H4, week three for H5-H7 and week four for H9, H10 began in July and 
pre refurbishment data is therefore excluded from this chart. 
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Figure 15. RH levels pre and post refurbishment 
There was an increase in RH levels of between 10 and 12% for H1, H2, H3, H5 and 
H6. H7 remained fairly stable, H8 increased by 14% and H9 decreased by 11%. Six 
households remained within the 50-70% bracket, thus minimising risk of 
condensation, as in previous research (TSB, n.d.), three households were within 40-
50% and one was not measured post-refurbishment.  
To summarise section 6.5, pre refurbishment seven households reported having 
condensation within the home, and for four households mould had developed, 
including the two households who heat to lower temperatures than average. Five 
households expected to see a reduction in condensation post refurbishment and 
each one was satisfied with the result, at least in the short term. Of the households 
who reported a condensation reduction, three measured an increase in relative 
humidity in March 2014 post refurbishment, when compared by April 2013 pre 
refurbishment. The mean relative humidity levels for the two measured periods 
remained within healthy levels of 50% to approximately 70% for six households’ pre 
and post refurbishment, three fell below 50%. The following section describes the 
findings on other factors relating to comfort. 
6.6 Other factors affecting comfort 
This section covers adaptive comfort methods (which relate to thermal 
environment comfort), acoustics and aesthetics. 
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6.6.1 Adaptive methods  
Human beings are able to adapt to thermal environments physiologically, and also 
using additional means. During the pre (winter early 2013) and post (winter early 
2014) interviews participants were asked what they do to keep warm in the home, 
in addition to using a main heating system. For H1, H5 and H6 responses from the 
two main householders’ were merged to represent the household as one. The 
predominant methods were the use of clothing, blankets, resting in bed to keep 
warm, an extra heat source, increasing the heating system (temperature or 
duration), having hot drinks, cooking food, using a hot water bottle and adapting 
the way they use the space. Table 25 provides example quotes and the number of 
responses for each of these measures. 
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Table 25. Pre refurbishment adaptive comfort methods 
Method Description Example quote Total  Households 
Clothing Using extra clothing to 
retain body warmth. 
“Normally the house is sufficient that I 
wouldn’t be wearing jumpers…I can’t 
get it hot enough, so I’m going to wear a 
jumper” [H3] 
10 all 
Extra heat 
source 
Using an extra heat 
source, such as an electric 
radiator or open fire to 
provide additional heat. 
“..we’ll put the oil-filled radiator on in 
the kitchen…the radiator is not working 
very well…so it’s needed” [H3] 
6 H3, H4, H6, 
H7, H8, H9 
Heating 
increase 
Turning the temperature 
or duration up on a 
heating system. 
“…if I’m still cold, then I give in and turn 
the heating on, but it’s as a last resort.” 
[H5] 
4 H5, H7, H8, 
H10 
Hot drinks Making hot drinks to 
warm the body from the 
inside. 
“I make hot drinks during the day” [H4] 3 H4, H5, H10 
Cooking 
heat  
Using the by-product heat 
from a cooker to warm 
the air in a space. 
“The oven warms the room up quite a 
bit” [H6] 
3 H2, H6, H7 
Hot water 
bottle 
Using a hot water bottle 
as an extra heat source. 
“comfort ..hot water bottles.” [H1] 2 H1, H4 
Use of 
space 
Adapting behaviour to suit 
the warmest parts of the 
house. 
“…the room is set up differently in 
summer and winter….the radiator and 
sofa are not normally next to each other 
in winter…. I use my bedroom as a living 
space in the summer, it massively 
changes my relationship with the 
house.” [H2] 
2 H1, H2 
 
The adaptive comfort changes reported by householders’ post refurbishments are 
included in Table 26. These include clothing level reduction, blanket reduction, 
curtain increase and changes in space use. 
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Table 26. Post refurbishment adaptive comfort method changes 
Adaptive 
methods 
Brief explanation Example quote Total  House-
holds 
Clothing 
reduction 
Reduction in layers 
worn inside during 
the winter 
“we noticed that the house was much warmer 
and we were not wearing as many clothes.” [H1] 
8 H1, H2, 
H3, H5, 
H6, H7, 
H9, 
H10 
Blanket 
reduction 
Reduction in blankets 
and hats used 
“you had to wear a hat otherwise your head was 
just so cold you couldn’t sleep…this winter 
hasn’t been as cold but we’ve got a summer 
duvet on, whereas last year we had the summer 
duvet and the winter duvet, and a blanket on 
the bed, just to try and keep warm…. It’s an 
incredible difference.” [H5] 
1  H5 
Clothing 
increase 
Increase in clothing 
worn during the 
winter 
“In the extension I wear a bit more!” [H8] 1 H8 
Curtain 
increase 
Installation of 
curtains to help 
reduce heat loss 
“Well we’ve had these curtains done…this room 
felt a lot colder… good sign because … the heat 
wasn’t coming out of the house. We normally 
draw it when the sun goes down” [H1] 
2  H1, H8 
Change in 
space use 
Changes in the way 
householders’ use 
their home, as a 
result of the 
refurbishment work 
“.. oh well I am using rooms differently because 
my bedroom’s been warm enough to use, but I 
never heated my bedroom and now I’ve been 
able to use it, even though the heating’s not 
been on…normally I don’t get to use my 
bedroom this early in the year, so that’s nice.” 
[H2] 
2 H5, H8 
 
The biggest change reported post refurbishment was in the number of layers of 
clothing worn by householders’. Clothing is the most usual and convenient way to 
respond to thermal environments and activity levels. Eight householders’ reported 
wearing less clothing layers post refurbishment, compared with pre refurbishment, 
this included not wearing socks to bed (H3), and wearing one less jumper indoors in 
the winter (H2). Conversely, H8 increased clothing layers due to the extra draughts 
he reported.  These findings were reported by memory and triangulated with how 
many layers each householder reported they wore pre and post refurbishment, 
during the two interviews held during cold months. This was reportedly due to the 
house feeling warmer whilst heating to the same temperature, and not accountable 
to take-back factors. 
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The insights provided by householders’ on adaptive comfort methods, particularly 
on reduced clothing layers needed post-refurbishment, are in line with other 
findings based on reported improved thermal comfort and higher temperatures 
measured post refurbishment, during unheated periods. 
6.6.2 Acoustics 
Properties which allow air-infiltration also allow the passage of sound. In addition, 
old boilers can be a source of noise within the home. 
Pre refurbishment, H4 complained of annoyance from noise and specifically sought 
to tackle this problem through adding insulation and air leakage sealing to his party 
wall to reduce sound passage from his neighbour’s kitchen; a house of seven 
students who created a major disruption since their kitchen was next door to the 
bedroom.  Mid-refurbishment, H4 added an en-suite shower room to the plans to 
further remove the bedroom space from the party wall. H4 achieved the desired 
increased sound insulation post refurbishment and felt very satisfied with the 
results.  
Following the addition of double glazing, from single glazed windows, H7 felt the 
home was much quieter from reduced traffic noise during holiday seasons. H1 felt 
their home was quieter following the fitting of external wall insulation and new 
triple glazed windows. 
Pre refurbishment, H9 reported noise issues with the boiler. This affected their 
daughter’s comfort during the night as it was located in her bedroom and as a result 
she had been moved into the spare bedroom which had a faulty window. Whilst this 
room was quieter, H9 did report that noise from the road was more noticeable in 
this room. This was perhaps due to the faulty window and position of the room at 
the front of the home, road facing. 
Post refurbishment, H9 reported that their new boiler was much quieter. H3, H8 
and H10 also reported having much quieter boilers, none of which was expected. 
During the final interview, H3 mentioned having noise issues pre refurbishment, “it 
used to make grinding, crunching noises at night. Oh it was all blocked up”. This was 
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a particular problem because the boiler was faulty and each time they turned it off 
they were worried it would not come back on again the following day. 
The acoustic benefits of reducing air-infiltration to building fabric, or replacing old 
boilers are not well reported and could be further focused on within marketing 
materials for energy efficiency refurbishment, as suggested by Banks and White, 
(2012). The following section explores aesthetics, before summarising section 6.6. 
6.6.3 Aesthetics 
H7 chose windows which would be aesthetically pleasing and was satisfied with the 
results. H6 highlighted the improved appearance of their windows post 
refurbishment and mentioned how well they framed the garden view from the 
living room. H1 and H2 were surprised that they liked the appearance of the 
rendered and painted external wall insulation. H1 and H7 are traditional properties 
(built pre 1919), and the householders’ were particularly keen to maintain the 
character of the properties post refurbishment, which they were satisfied with.  
To summarise section 6.6, adaptive thermal environment methods reduced post-
refurbishment with eight households wearing fewer layers of clothing in the home 
post refurbishment. In relation to acoustics, one householder expected an 
improvement in sound insulation and achieved this using insulation and a new 
shower room against the party wall; in addition two further households mentioned 
their home felt quieter following window replacements and the installation of 
external wall insulation. The other households did not highlight an expectation for 
any acoustic benefit, yet each one replacing a boiler found the new model was 
much quieter, for two households this was a big relief as the old boilers were very 
noisy, although only one mentioned this pre-refurbishment. In relation to aesthetics, 
four households were satisfied with the appearance of windows and external wall 
insulation, two of whom chose measures to compliment the appearance of their 
home. 
6.7 Chapter discussion  
This chapter responded to the following research question ‘RQ2. Do the 
householders’ perceive an internal environment improvement?’, and partly to ‘RQ1. 
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What are the householder expectations of an energy efficiency installation and 
what do they actually get?’ The data which informed this chapter were gathered 
through semi-structured interviews with householders’ pre and post refurbishment; 
early 2013 and then early 2014, during the heating period, where possible. This 
allowed householders’ to discuss their comfort within the home during a period 
when they used space heating to provide thermal comfort. This chapter discussion 
summarises the key findings in relation to RQ2, as broken down into overall thermal 
environment, heating control, surface temperatures, draughts, condensation, 
acoustics and aesthetics, with consideration of previous literature to enrich the 
discussion. The implications for installers’, policy makers’ in addition to the 
limitations of the study are discussed further in the Chapter 8: Thesis Discussion. 
The following discussion is focused around answering these questions combined as 
the expectations for this chapter are all concerned with the internal environment 
perceptions. To summarise, Table 27 shows where householder expectations were 
met, not met or exceeded. This is discussed further below. 
Table 27. Comfort expectations 
Internal environment factor H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 
Overall thermal environment comfort O  O   O  x O O 
Heating control - -  O O - - O   
Heat loss    -   x  - - - 
Draughts O O - O O  O x - - 
Condensation   -  -   -  - 
Acoustics O  O  - - O O O O 
Aesthetics O O - - - O  - - - 
 O = exceeded expectations,  = met expectations, x = did not meet expectations, - = not applicable 
In terms of the thermal environment, four households expected to feel warmer in 
the home following refurbishment but nine households reported thermal 
environment improvements following refurbishment. However, some householders’ 
did expect reductions in heat loss, though related this more to saving energy than 
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improving comfort. Post refurbishment, five of the householders’ reported a 
decrease in draughts, five also reported fabric surfaces feeling warmer through the 
building fabric, five improved their control of heating through a more reliable 
heating system and programmer and two commented on using space in the home 
more freely since they felt warmer. To further support these findings; participants’ 
reported that clothing layers and use of blankets decreased following energy 
efficiency refurbishment for eight households. All ten householders’ stated using 
clothing as a method to improve thermal environment comfort during the pre-
refurbishment interview. These findings are similar to previous research on low-
income householders’ (Banks and White, 2012 and Gilbertson et al, 2006), who 
found that thermal environment comfort improved following refurbishment yet it is 
still not promoted widely by installers’ or through Government schemes. This 
represents a crucial missed opportunity. 
The measurements of living room indoor air temperature post refurbishment during 
the night-time hours when most heating systems are turned off show increases for 
eight of ten households. Previous research by Love (2014) also measured higher 
temperatures at night in properties where thermal efficiency improvements were 
undertaken. They attribute these temperature improvements to the improvement 
measures as opposed to a change in householder behaviour. However, the evening 
measured temperatures and whole-house mean temperatures within the present 
study generally showed lower increases and more frequent decreases as the data 
reported by Love. It was felt necessary to include non-normalised temperatures to 
reflect the living environment temperature which householders’ perceived. The 
disparity between normalised and non-normalised temperatures could be due to 
the night-time temperature making more accurate pre-post comparisons since the 
calculation assumes the outdoor temperature is 5oC. In addition, different heating 
behaviours within the homes were adopted, for example, one household reported 
heating to a lower temperature, but the house may still retain more heat during the 
evening since external wall insulation was installed. 
To support the qualitative findings on thermal environment comfort perception, the 
measurements of living room indoor air temperature post refurbishment during the 
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night-time hours when most heating systems are turned off show increases for 
eight out of ten households, ranging from +0.1oC to 4.4oC. However, whilst changes 
in temperature from normalised measurements taken at night were not uniform, 
mean temperatures across households increased by 1.1oC, during unheated periods 
within cold days. Conversely, the mean temperatures during heated periods of the 
evening, and whole-house over the month decreased by 0.7oC and 0.8oC 
respectively, potentially highlighting comfort at lower temperatures during heated 
periods but homes better able to retain heat post-refurbishment, following fabric 
improvements. 
The comfort benefits chime with previous research, particularly the Retrofit for the 
Future project which found that self-reported comfort shifted from very poor or 
poor to mixed, good and excellent post refurbishment for social housing tenants 
(TSB, n.d.). Furthermore, the Warm Front scheme found that many people 
improved thermal environment comfort but did not save energy, however many of 
whom were fuel poor (Gilberston et al. 2006), as in the research by Banks and 
White (2012) who found the comfort improvements to fuel poor households 
profound. The present research contributes to this literature as it was based on 
households who are not typically fuel poor and who own their homes yet nine of 
these households reported thermal comfort improvements. The potential comfort 
benefits of energy efficiency refurbishment should be further promoted, as 
suggested by Banks and White (2012). This recommendation to installers’ and policy 
makers is further explored within the final thesis discussion in Chapter 8. 
Previous research (Hong et al, 2006) found that central heating replacements led to 
increases of temperatures of 1.9oC, insulation 1.2oC and a combination of central 
heating and insulation leading to an increase of 2.8oC. However, these values are 
subject to building efficiencies and preferred indoor temperatures, the study by 
Hong (2006) was based on spot measurements taken during thermal comfort diary 
entries, and measured data over 30 minute intervals for 48% of study participants. 
The spot measurements may have led to higher recorded temperatures as they are 
likely to be recorded during times when householders’ were home and 
consequently heating the property, as opposed to the current study which is taken 
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over fixed periods, including time when some householders’ may have been away 
from the home. A standard method of measuring changes in indoor air temperature 
would be useful to allow comparison between studies. 
The draught decreases reported by five households, were due to draught-proofing 
(three households) and window replacements (one household). The draught-
proofing may have become more of a focus following air-leakage testing within the 
homes as part of the current study pre and post refurbishment. However, one issue 
of concern was that post refurbishment, H2, H4, H5 and H9 fell below the optimal 
air change per hour rate of 0.4ac/h (Das et al. 2013), as shown in Figure 16, which 
may mean they are now at risk of indoor air pollution build up, if they do not make 
use of natural ventilation methods, such as window opening.  
 
Figure 16. Whole house infiltration rates and the optimal level 
For H4, ventilation had been considered and mechanical ventilation with heat 
recovery was installed. In areas of high outdoor pollution, increased air leakage is 
considered to outweigh the risks of indoor air pollution build up since these may be 
less harmful than outdoor air pollutants entering the building (Wilkinson et al. 
2009). This area needs more research as more homes may approach this borderline 
area with increasing energy efficiency levels. Whilst ventilation is separate to 
building fabric infiltration, householders’ who have traditionally being accustomed 
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to ‘leaky’ buildings may open windows and ventilate less often than those who are 
accustomed to more air-tight buildings, potentially leading to discomfort. 
Visible condensation was reported to have decreased for five households during the 
post-refurbishment interview during cold weather early 2014, when compared with 
the pre-refurbishment interview during the cold weather of early 2014; all who 
expected an improvement. The majority of these cases installed external wall 
insulation, or improved their window performance. However, these are initial 
reporting’s and a longitudinal study would better assess the long-term impact. The 
measurement of relative humidity within the present study could have been more 
robust if outdoor values were measured along with better comparison with 
measured air temperature and the integration of surface temperature 
measurements. However, measurements showed a general increase in relative 
humidity which could be an impact of warmer indoor temperatures and a decrease 
in condensation.  
One householder expected to see an improvement in sound insulation and achieved 
the goal through increasing air leakage and the later decision to build a shower 
room against the party wall which allowed sound ingress from the student house 
next door. One householder reported hearing less traffic noise since replacing the 
windows. Four households reported how quiet the new boilers were, two of whom 
reported having particularly noisy boilers before. Research by Notley et al (2014) 
showed 48% of 2,747 survey respondents were bothered by noise from outside 
their home, which increased from a previous 37% of 5,000 survey respondents in 
2002 (Grimwood et al, 2002), therefore promoting reduction in outdoor noise 
entering the home through reduced fabric air leakage may become a bigger 
incentive if this trend continues. Induced noise has been previously stated as a 
highly underestimated risk factor for healthy housing (Maschke and Niermann, 
2007). 
In terms of aesthetics, one householder’s expectations were met and two exceeded 
in relation to the appearance of the external wall insulation render, both feeling this 
improved the appearance of their home. In summary, comfort factors had not been 
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promoted pre refurbishment to the present householders’, particularly in terms of 
thermal environment comfort, quieter boilers and better sound insulation following 
increased fabric air leakage, despite householders’ prioritising seeking comfort 
within the home (Mallaband, 2013) highlighting another missed opportunity by 
installers’ and Government policy, which could attract future uptake. The findings 
for owner-occupied households chime with previous studies focusing on low-
income households or social housing refurbishments. 
6.8 Chapter conclusions 
This chapter has partly answered the following research questions: ‘RQ1. What are 
the householder expectations of an energy efficiency installation and what do they 
actually get?’ and ‘RQ2. Do the householders’ perceive an internal environment 
improvement?’ The methods used to answer these questions for the present 
chapter were qualitative interviews pre and post refurbishment during the cold 
months, where possible, to gather comfort expectations and perceptions. In 
addition, physical comfort parameters were measured to support the qualitative 
findings, using quantitative techniques to gather data on air temperature, relative 
humidity and building fabric air leakage.  
In response to the first part of RQ1, in terms of householder expectations in relation 
to comfort; four households expected to feel warmer in the home following 
refurbishment, however this was not a sole motivator for any and was generally 
expected as a by-product of improving the energy efficiency or carrying out 
necessary repairs to boilers or windows. Five householders’ who were either 
replacing windows or installing wall insulation expected the internal surfaces to 
become warmer and one sought windows with particularly low U-values but 
appeared to expect more of an energy efficiency benefit than a comfort 
improvement. Five households expected a condensation reduction resulting from 
window and wall insulation installations. Five households who were due to replace 
their boilers were expecting their new boilers to perform better, especially since 
they were either replacing them due to system faults (three) or due to planned 
increases in floor space (two); for two individual radiators no longer worked so they 
hoped to provide heat within those spaces. There were no specific comments made 
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in relation to an expectation of draught reduction. In relation to noise, one 
householder hoped to reduce the sound transfer through the bedroom wall from 
noisy neighbours next door by adding air leakage sealing and a new en-suite shower 
room against the party wall. 
In response to the second part of RQ1 and RQ2 in terms of whether householders’ 
comfort expectations were met and whether householders’ perceived a comfort 
improvement; nine households reported thermal environment improvements 
following refurbishment. Five of the householders’ reported a decrease in draughts, 
five also reported reduced heat loss through the building fabric, five reported 
draughts to have decreased, which was supported by measurements of building 
fabric air leakage. 
Five households improved their control of heating through a more reliable heating 
system and programmer. Air-temperature measurements showed increased night-
time measurements when the heating was off, demonstrating reduced heat loss 
through the building fabric for some households. As a result of living in a warmer 
home, two found they could move more freely around the home as rooms and 
clothing layers and blanket use decreased during the winter post refurbishment 
when compared with the responses pre refurbishment. Visible condensation 
reduced for five householders’ and one householder no longer needed to mop up 
water from the windowsill. Noise reduction from new boilers was reported by four 
householders’, only one of whom mentioned noise being a problem during the pre-
refurbishment interview.  Two householders’ reported their home feeling quieter 
following window or wall insulation installations. In relation to aesthetics, two 
households were particularly pleased with the appearance of insulation and one 
householder felt the new windows framed the garden nicely. 
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7. SPACE HEATING ENERGY DEMAND  
7.1 Introduction 
This chapter responds to the following research questions; ‘RQ2. Do the 
householders’ actually save money, energy and carbon?’, and partly ‘RQ1. What are 
the householder expectations of an energy efficiency installation and what do they 
actually get?’ In this way it addressed the following objectives 4 and 5, in part: O4. 
Quantify the energy, fuel and subsequent CO2 and financial cost savings using 
measured and modelled data. This analysis focused on the energy consumed for 
space heating by comparing usage before and after the refurbishment. The air 
permeability of the fabric was measured before and after the work, and formed an 
input to the SAP model; O5. Identified where the householders’ expectations are 
not met and where they were exceeded, to ensure householder satisfaction and 
help encourage future adoption. The householders’ expectations for energy 
demand reductions, collected qualitatively were combined with a combination of 
modelling and measurement to assess energy demand reduction, as detailed in 
Chapter 3. Please note that this present section has fewer section summaries than 
previous chapters due to the chapter being shorter and sections highly intertwined 
in content. The main discussion explores the findings of each section together.  
There has been little previous research found on householder expectations for 
energy efficiency refurbishment. In gaining their expectations and actual results it is 
essential to gain insight into the modelled assumptions for energy demand changes, 
both to triangulate their findings and provide insight into longer term energy 
savings which one year of data collection is limited to provide. In terms of 
quantitative space heating modelling, previous research found that CO2 savings 
resulting from energy efficiency refurbishment installations in average UK homes 
were estimated at approximately 15% for solid wall insulation, 18% for cavity wall 
insulation, 20% for efficient condensing gas boilers replacing old gas boilers and 30% 
for double glazed windows replacing single glazed windows (Firth and Lomas, 2009). 
However, it has been estimated that to meet an 80% reduction in CO2 emissions by 
2050 we would need to achieve almost ‘zero carbon’ standards through the 
addition of energy efficiency measures (Davis and Oreszczyn, 2011). Other research 
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suggested that by making a significant shift in practices, it is technically possible to 
achieve reductions in excess of 80% by 2050 (Johnston et al, 2005).  
Firstly, the space heating modelling and measurements are described in section 7.2; 
Secondly, the results of the models are presented in section 7.3, the householder 
expectations are presented in section 7.4, followed by payback periods in section 
7.5. The results are discussed and concluded in sections 7.6 and 7.7, respectively.  
7.2 Space heating modelling and measurements 
Following qualitative data collection and building surveys, the case study homes 
were modelled using a modified version of the UK Government’s Standard 
Assessment Procedure (SAP 2009 9.90) in the form of an Excel spreadsheet that 
allowed any of the model inputs, parameters and algorithms to be changed 
(Allinson, 2010).  The algorithms within the model are all based on BREDEM-8, 
which is a monthly version of the physically based BREDEM model (Firth et al, 2009). 
A number of model inputs were derived from the data collected from households’ 
pre and post refurbishment. These included Temperature and weather data (7.2.1); 
Building dimensions (7.2.2); Ventilation and infiltration rates (7.2.3); Fabric heat loss 
(7.2.4); Primary and secondary heat source efficiencies (7.2.5) and other model 
inputs (7.2.6). Using the modelled data the calculation of payback (7.2.7) was made. 
A summary of analysis of measurements is provided in section 7.2.8. 
7.2.1 Temperature and weather data 
Space heating energy demand is considered to be most sensitive to the thermostat 
set-points, with the length of heating period the second most sensitive factor (Firth 
et al, 2009).  The set temperature and length of heating period are considered to be 
reflected within the mean monthly measured air temperature values.  
Outdoor air temperature, wind speeds and solar heat gain data (Octobe 
r to May) for each case study household are shown in Table 28 and Figure 17. 
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Table 28. Outdoor weather measurements 
  Oct-13 Nov-13 Dec-13   Jan-14 Feb-14 Mar-14 Apr-14 May-14 
Outdoor air temperature data (oC) 
H1 12.06 6.44 5.98   5.32 5.57 7.97 11.17 15.57 
H2 12.12 6.34 6.09   5.35 5.72 7.90 11.53 15.95 
H3** 12.88 7.10 6.51   6.16 6.22 8.18 14.93 13.24 
H4 13.51* 6.20 6.17   5.38 6.01 7.29 11.31 13.43 
H5 10.99 5.42 5.31   7.68 5.12 6.69 12.97 10.20 
H6 17.65 6.34 6.09   5.35 5.72 7.90 8.30 11.53 
H7 12.88 7.10 6.51   5.91 6.52 8.18 14.93 24.00 
H8 12.56 6.13 5.96   5.08 5.36 9.23 12.07 14.12 
H9 12.22 6.24 6.12   5.98 9.21 8.29 11.22 15.19 
H10** 12.57 8.35 6.51   5.91 6.52 8.31 11.45 13.24 
LU*** 12.85* 6.75 6.86   11.44 6.35 7.89 10.68 12.99 
Other weather data from Loughborough University campus weather station, Midlands, unless stated* 
WIND (m/s) 1.20* 1.65 1.78   1.64 2.07 1.70 1.48 1.21 
SOLAR (W/m2) 57.47 24.03 18.26  104.05 52.14 104.21 130.17 168.73 
* Oct-14 data, ** missing data (bold) taken from H7 (a local Loughborough case study, in the Midlands) 
Within Table 28, the mean air temperature values are based on data collected from 
consistently shaded spots of the gardens of case study homes. The wind and solar 
data were adopted from Loughborough University campus weather station data. 
The same values were used as inputs to the models of each house both pre and 
post refurbishment, to allow direct comparison of the energy results. The outdoor 
temperature data is illustrated in Figure 17. 
 
Figure 17. Outdoor air temperature data monthly mean per case study and LU weather station 
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The monthly mean floor-area weighted indoor temperatures were derived by using 
the methods and equations stated in Section 3.7.2. The resulting values used as 
inputs are shown in Table 29. Where there were missing measurements for H3, H4, 
H7, H9 and H10 the data were estimated using linear regression of the measured 
monthly floor-area weighted mean temperatures, as highlighted in bold. 
Table 29. Mean monthly floor-area weighted indoor temperatures (oC) 
  Oct-13 Nov-13 Dec-13   Jan-14 Feb-14 Mar-14 Apr-14 May-14 
H1 17.14* 12.89 12.55   12.05 11.35 14.91 16.99 19.27 
H2 16.99 14.24 14.12   13.76 13.52 15.53 16.68 18.71 
H3 18.39 18.79 18.84  19.40 18.32 18.72 18.24 18.36 
H4 18.19** 16.37 16.18   16.33 16.63 17.59 18.10 19.23 
H5 17.42 16.11 16.08   16.64 16.03 16.40 17.88 17.23 
H6 18.53 16.59 16.50   16.25 16.38 17.11 17.24 18.33 
H7 17.39 14.57 12.85   16.36 14.27 15.88 18.16 23.57 
H8 18.38 16.32 16.49   15.23 14.36 15.73 15.07 16.09 
H9 20.95 20.06 19.96   19.12 19.64 20.06 19.63 19.57 
H10 19.59 19.02 18.91   17.93 20.29 18.28 19.45 19.67 
*Bold figures are estimated using linear regression. ** Data measured in Oct-14   
The data from Table 29  are illustrated below in Figure 18. 
 
Figure 18. Indoor air temperature (oC) monthly mean floor-area weighted per case study 
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7.2.2 Building dimensions 
The building size and floor areas are considered to be the third and fourth most 
sensitive factors to space heating energy demand (Firth et al, 2009). Building 
dimensions were measured in every case study building pre refurbishment, and 
post refurbishment when changes occurred (H4: converted loft space and H8: 
extension). The measured ground floor area, ground floor height, first floor area, 
first floor height, roof area, wall area, window and roof light area and door area 
values are shown in Table 30. The wall area shown is the net area after subtracting 
the windows and doors. For semi-detached homes only the exposed wall area is 
included, not the party wall area.  
Table 30. Building dimensions  
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H1  10.7 91.3 52.6 2.9 38.7 2.7 38.7 40.21 68 30.1  3.7 
H2  9.5 82.8 41.4 2.6 41.4 2.6 41.4 38.48 75.4 15.1  6.2 
H3  27.5 107.5 48.1 2.8 59.4 2.4 59.3 n/a 117.9 29.4   
H4 Pre 18.8 71.7 71.7 2.5 - - 61.5 15.66 68.7 9.3 - 5.3 
Post 18.8 139.1 71.7 2.5 67.4 1.8 151.7 15.66 51.2 7.4 4.9 9 
H5  13.3 87.6 43.8 2.5 43.8 2.7 43.8 38.78 76.1 18.9  3.7 
H6  12.4 90.8 45.4 2.7 45.4 2.7 45.4 28.62 49.4 20.7  3 
H7  20.2 136.2 71.5 2.4 64.7 2.4 64.7 n/a 167.2 21.8 0.6 3.6 
H8 Pre 13.5 76 38 2.7 38 2.6 37.3 37.05 74.7 11.4  3.7 
Post 13.5 83.7 45.7 2.8 38 2.6 45.7 37.05 82.6 14.5  5.6 
H9  15.8 82 41 2.6 41 2.6 41 42.05 85.1 14.1  1.8 
H10  14.4 109.8 54.9 2.7 54.9 2.5 54.9 73.38 95.6 14.1  3.7 
*GIFA = gross internal floor area  
7.2.3 Ventilation and infiltration rates 
The ventilation and infiltration rates were estimated together using the 
pressurisation test results as this was performed with ventilation openings open 
(rather than sealed for solely measuring infiltration rates to minimise householder 
disruption), where possible. Where the test was not carried out, infiltration was 
calculated using the algorithm defined by (9) to (16) of the SAP worksheet using the 
data entered for H3, H7 and H8 pre, shown in Table 31 below. 
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Table 31. Infiltration rates 
 Infiltration  
 No. of storeys Structural infiltration 
(0.25 steel or timber 
frame, 0.35 for 
masonry) 
If suspended wooden 
floor (0.2 unsealed, 
0.1 sealed, or 0 
otherwise) 
Draught lobby 
(0.05 if yes) 
% of windows 
and door 
draught 
stripped 
 Pre Post Pre Post Pre Post Pre Post Pre Post 
H3 2 2 0.35 0.35 0 0 0.05 0.05 80 80 
H7 2 2 0.35 0.35 0.2 0.2 0.05 0.05 0 100 
H8 2 2 0.35 n/a 0.2 n/a 0 n/a 50 n/a 
 
The ventilation calculation requires the input of information for the number of 
chimneys (40m3/hour), open flues (20m3/hour), fans (10m3/hour), and passive 
vents per home (10m3/hour), as shown in Table 32. 
Table 32. Ventilation rates 
 Infiltration + ventilation Ventilation ‘openings’ 
 Pressurisation test results 
(Air infiltration plus ventilation 
as ‘openings’ all open during 
test) 
No. of 
chimneys 
(main heating 
= m, 
secondary = s, 
other (o)) 
Open flues Fans Passive vents 
 Pre Post Pre Post Pre Post Pre Post Pre Post 
H1 18.50 10.19 n/a n/a n/a n/a n/a n/a n/a n/a 
H2 9.61 7.35 n/a n/a n/a n/a n/a n/a n/a n/a 
H3 - - - - - - 2 2 -  
H4 15.16 0.76 n/a n/a n/a n/a n/a n/a n/a n/a 
H5 10.85 6.43 n/a n/a n/a n/a n/a n/a n/a n/a 
H6 * 12.28 n/a n/a n/a n/a n/a n/a n/a n/a 
H7 - - s s - - 1 1 - - 
H8 - 15.58 o - - - 1 - - - 
H9 6.09 4.94 n/a n/a n/a n/a n/a n/a n/a n/a 
H10 11.33 11.09         
*As H6 only changed two windows, measured value post-refurbishment was used pre for increased 
accuracy. 
7.2.4 Fabric heat loss 
Fabric U-values are the fifth most sensitive factor to space heating demand (Firth et 
al, 2009). The fabric U-values used as inputs to the model, as shown in Table 33, 
were the standard values provided in the listed tables within Appendix S of SAP 
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2009 (BRE, 2011). Fabric construction details were recorded during the building 
surveys carried out within each case study pre and post-refurbishment. Where 
there were uncertainties or unique construction details, the interviews were used 
to clarify details with the householders’. The floor U-values were calculated using 
the method set out in s5.4 on page 123 of SAP 2009 (BRE, 2011). Where building 
elements included a combination or U-values, the U-value figure was taken, or 
calculated for each element using the method set out in SAP 2009 (BRE, 2011) and 
then weighted proportionally per m2, such as H4 which incorporated a solid floor in 
the ground level kitchen and bathroom and suspended timber floor for the other 
rooms. During the interview with H4 architectural drawings were provided which 
stated the nominal U-value for the refurbished roof so this was used in place of a 
SAP estimate. 
Table 33. The U-values of case study elements (W/m2K) 
 Walls Floor Roof Windows Velux 
window 
Doors 
 Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 
H1 2.4 0.6 0.66 “ 0.16 “ 4.8 1.8/4.8* - - 3 “ 
H2 2.1 0.6 0.22 “ 0.16 “ 2 “ - - 3 “ 
H3 0.4 “ 1.4 “ 0.68 “ 2 “ - - 3 “ 
H4 1.6 0.11 1.73/0.86** 0.039 2.3 0.13 2 1.8 - 2 3 1.8 
H5 1.6 0.5 0.66 “ 2.3 “ 2 “ - - 3 “ 
H6 2.1 “ 0.7 “ 0.13 “ 3.1 3.1/1.8*** - - 3 “ 
H7 2.4 “ 1.74 “ 2.3 “ 4.8 2 3.4 “ 3 “ 
H8 2.1 1.6 0.71 0.46 0.2 “ 2 “ - - 3 “ 
H9 2.4 “ 0.31 “ 2.3 “ 2 “ - - 3 “ 
H10 0.6 “ 0.75 “ 1.5 “ 2 “ - - 3 “ 
*1.8 (12.5m2) + 4.8 (17.6m2), ** 1.73 (49.63m2) + 0.86 (11.83m2), ***3.1 (14.93m2) + 1.8 (5.78m2) 
The pre and post refurbishment heat transfer coefficient (HTC: W/K) and heat loss 
parameter (HLP: W/m2K) were derived from the model, as shown in Table 34. The 
HTC is the total fabric heat loss plus the ventilation heat loss of each building. This 
takes account of the heat loss through each element (walls, floor, roof and 
windows/doors) in addition to the calculation of thermal bridges using the SAP 
default values.  The HLP is the HTC divided by the floor area (in units of W/Km2). 
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Table 34. Heat transfer co-efficients (HTC) and heat loss parameters  (HLP)  
 HTC: W/K HLP: W/m2K % reduction in 
HLP (heat loss 
parameter) 
 Pre Post Pre Post 
H1 408.4 226.4 4.5 2.5 44 
H2 290.8 174.5 3.5 2.1 40 
H3 312.1 312.1 2.9 2.9 0 
H4 538.2 113.0 7.5 0.8 89 
H5 394.1 303.0 4.5 3.5 22 
H6 285.6 280.9 3.1 3.1 0 
H7 906.7 859.2 6.7 6.3 6 
H8 319.4 308.9 4.2 3.7 12 
H9 408.8 407.6 5.0 5.0 0 
H10 312.7 312.1 2.8 2.8 0 
 
The case studies which made the greatest reductions in heat loss were those that 
installed external wall insulation (H1, H2 and H4), as would be expected. Reductions 
were also observed for H5 who installed cavity wall insulation and H7. Small 
reductions were made for H7 who replaced all the singled glazed windows for 
double glazed elements, H6 who replaced one window and one patio door for triple 
glazed units and H8 who added an extension (built to modern building regulations). 
Some did not change as there was no significant change to the building fabric as a 
result of heating system changes or replacements of double glazed windows 
designed with the same thermal properties.  
7.2.5 Primary and secondary heat source efficiencies 
Heating system efficiencies are the fourth most significant factor in domestic space 
heating energy demand (Firth et al, 2009). The primary and secondary heat source 
efficiencies were taken from the SEDBUK (Seasonal Efficiency of Domestic Boilers in 
the UK), where possible, and from section 9 of the SAP supporting document 
otherwise (BRE, 2011), as shown in Table 35. Table 35, also includes water heating 
efficiency; and secondary heating for H1, H3, H6, H7, H8 and H9. The boiler, hot 
water and secondary heating types and models are detailed in section 4.3. 
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Table 35. Heating system efficiencies from SEDBUK  ratings (or SAP) 
 Primary heating system 
efficiency (%) 
Hot water heating 
efficiency (%) 
Secondary heating 
efficiency (%) 
 Pre Post Pre Post Pre Post 
H1 65 “ 65 “ 100 “ 
H2 89.9 “ 90 “ - - 
H3 72 91 72 91 60 - 
H4 65* 90 100* 90 - - 
H5 74 89 74 89 - - 
H6 89 “ 84 “ 65 “ 
H7 65 “ 65 “ 37 “ 
H8 70* 90 70* 90 37 “ 
H9 74* 90 74* 90 100 - 
H10 66 89 66 89 - - 
*from SAP 
For households with secondary heating (H1, H3, H6, H7, H8 and H9), the percentage 
of the heating provided by each was calculated to heat less than 25% of the total 
space, as detailed in section A3.2 of SAP (BRE, 2011). Therefore, each contributed as 
a fraction of 0.10 to the primary heating system, as outlined in Table 11 of SAP (BRE, 
2011). For household H4, the main heating system pre-refurbishment was a wood 
burning stove, the efficiency of which was calculated in accordance with section A1 
of SAP (BRE, 2011) was followed and this was designated as the primary heating 
system. 
7.2.6 Other model inputs 
Additional model inputs included values to represent the level of heating control; 
the number of householders’ per household and the orientation of the building, as 
shown in Table 36. Further inputs were the orientation per window area and 
window frame values for solar gain and light admittance; light bulb efficiency and 
heat gains from lights and appliances.   Where case study homes were tested for air 
leakage (H1, H2, H4, H5, H6, H8, H9 and H10), the pre and post results, as presented 
in Table 23 of section 6.4: Building fabric infiltration and draughts, were used. 
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Table 36. Additional model inputs  
 Front 
orientation 
No. of 
householders’ 
Heating response Heating control 
Pre Post Pre Post Pre Post 
H1 North 2 2 1 1 2 2 
H2 North East 3 2 1 1 3 3 
H3 North 2 2 1 1 2 2 
H4 North West 2 2 1 0.75 1 2 
H5 North 2 2 1 1 2 2 
H6 North 2.5 2.5 1 1 2 2 
H7 North West 1 1 1 1 1 1 
H8 North 2 2.5 1 1 2 2 
H9 North West 2.75 3.25 1 1 2 2 
H10 North 2.5 2.5 1 1 1 2 
Responsiveness: 1 – system with radiators, 0.75 – underfloor heating pipes in screed above 
insulation, or warm air from fan ducts. Control – 1 - Programmer and room thermostat or room 
thermostat, or programmer only; 2 – programmer and at least two thermostats/TRVs; 3 – time and 
temperature zone control 
The window area per orientation angle was also a model input. This allowed the 
solar gain factor to be calculated using the winter solar access factor: average 0.77; 
the window opening area per orientation (m2); the total solar energy transmittance 
(0.85 for single glazed windows, 0.63 to 0.76 for double glazed and 0.57 to 0.68 for 
triple glazed), the frame factor and the proportion of opening that is glazed, which 
is typically ranging from 0.7 for wood and PVC. 
Each case study had either full, or mostly energy-saving light bulbs fitted, this was 
entered as a proportion of 1. Where full energy-saving light bulbs were installed a 
value of 1 was input and where bathroom or kitchen lights were not energy-saving 
bulbs, a value of 0.9 was input.  
In terms of heat gains from lighting and appliances, the assumptions from SAP table 
5, column B were used. These figures are based on the usual model algorithms for 
internal heat gains (W), based on monthly electricity use (KWh), with a 40% 
increased efficiency for lights and 67% for appliances.  
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7.2.7 Calculating payback 
The simple payback method was used to estimate the length of time needed for the 
predicted energy savings resulting from energy efficiency measures to result in the 
amount equal to the initial investment, as outlined in section 3.7.7: Payback 
calculations.  
7.2.8 Analysis of measurements 
Outdoor air temperature data were used to generate normalised space heating 
energy. This enabled comparison of measured energy use pre and post 
refurbishment, accounting for external temperature changes between 2013 and 
2014. In addition, space heating energy use is calculated per m2 to enable 
comparison between homes. The full details of the method used to calculate this 
are provided in section 3.7.6: Degree days. 
The data used to derive the normalised space heating fuel consumption in relation 
to temperature in each case study is shown in Table 37. The floor area used is the 
Gross Internal Floor Area (GIFA) in Table 30. 
Table 37. Meter readings and mean external temperatures 
  Date from Date to No. of 
days 
Gas use  
(m3 unless 
stated) 
Gas use  
(kWh*) 
Mean external 
temperature (oC) 
H1 Post  25/02/14 01/04/14 35 15 167.8 7.62 
H2 Post 04/03/14 01/04/14 28 30 335.6 8.43 
H3 Post 28/02/14 28/03/14 28 73ft3 2311.1 8.97 
H4 Post 16/10/14 24/10/14 8 3 33.6 12.53 
H5 Post 01/02/14 01/03/14 28 105 1174.6 10.42 
H6 Post 07/10/13 04/11/13 28 50 559.3 11.11 
H8 Post 05/03/14 02/04/14 28 103 1152.2 9.43 
H9 Post 01/02/14 28/02/14 27 136 1409.5 9.21 
H10 Post 01/02/14 01/03/14 28 75ft3 2374.4 9.28 
*converted using tool via www.ukpower.co.uk. The net-to-gross calorific value of gas is 0.901 
7.3 Space heating modelled and measured results 
The results start with section 7.3.1: Modelled space heating energy use; 7.3.2 
Modelled space heating CO2 emissions and 7.3.3 Modelled space heating fuel costs. 
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The modelled results are followed by section 7.3.4 Measured space heating energy 
demand. 
7.3.1 Modelled space heating energy use 
The space heating energy demand, including primary and secondary heat sources, 
pre and post was modelled. Figure 19 shows the modelled results pre and post 
refurbishment, with and without measured temperature data inputs. The data rows 
which exclude the measured temperature inputs are shown as ‘pre’ and ‘post’, the 
data rows which include the measured temperature inputs are shown as ‘pre + T’ 
and post + T. 
 
Figure 19. Modelled space heating (including and excluding measured temperature (T) for primary and 
secondary heating) 
The modelled results are shown including and excluding measured air temperature 
input to illustrate the impact of including measured air temperature to the model. 
Through the addition of measured indoor and outdoor air temperature values, the 
assumptions made in SAP are over-ridden and the modelled data should become 
more accurate in terms of how each case study household chooses to heat their 
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10
Pre 243.47 156.29 168.80 473.23 283.39 150.42 468.52 290.89 254.31 212.51
Post 130.80 77.59 127.86 29.71 156.29 148.88 457.68 234.02 211.88 136.85
% change 46 50 24 94 45 1 2 20 17 36
Pre+ T 116.84 88.57 140.33 494.86 228.39 117.84 323.18 185.44 319.53 176.32
Post + T 40.72 38.63 106.29 11.90 134.58 115.43 311.57 141.13 265.31 132.39
% change 65 56 24 98 41 2 4 24 17 25
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home, and the consequent space heating energy they demand to do this. The 
proportional results are similar for all except H1 and H10. This may be due to H1 
heating to a lower than average temperature and H10 having variable and irregular 
occupancy patterns, leading to measured temperature inputs differing from 
assumptions. The algorithms within the model estimate the energy required to 
provide this temperature. Therefore, where measured temperatures are included as 
inputs to the model, the modelled results are considered to be more accurate; the 
lower three rows of data within the table shown in Figure 8. According to these 
figures, space heating energy demand has been estimated to reduce for all 
households ranging from 2% for H6 to 98% for H4.  
7.3.2 Modelled space heating CO2 emissions 
The CO2 emissions have been calculated based on the modelled energy use for 
primary and secondary heat sources, when including measured indoor air 
temperature inputs, as shown in Figure 20. This data was multiplied by the CO2 
conversion factors included in SAP 2012. Whilst SAP 2009 was used for the actual 
modelling, the conversion factors were taken from the 2012 guidance document as 
they are more recent. The conversion factors used were:  0.216 kgCO2 per kWh for 
gas, 0.519 for electricity and 0.019kgCO2 per kWh for logs of wood. The total 
percentage changes from pre-refurbishment to post refurbishment, including 
primary and secondary space heating emissions are included. The 2050 target for 
average domestic CO2 emissions is shown, based on space heating accounting for 
9.0kgCO2kg/yr.m2, or 53% (EEDO, 2012) of the 17kgCO2/yr.m2 target (TSB, n.d.).  
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Figure 20. Modelled space heating CO2 emissions (primary and secondary) 
Every household made reductions of CO2 emissions, when including secondary heat 
sources, but the reductions were greater where electric heaters were used pre-
refurbishment (H1, H3 and H9), due to the higher carbon intensity of electricity, 
compared with gas and wood logs. The percentage reductions were 2 to 4% for 
those just replacing windows (H6 and H7); 25 to 43% for those replacing boilers and 
windows or cavity wall insulation (H3, H5, H8, H9, H10); 56 and 65% for households 
installing external wall insulation (H2), plus some windows (H1); and 73% for the 
whole house refurbishment (H4).  
In consideration of the 2050 target for CO2 emissions of 9.01kgCO2kg/yr.m2 for 
space heating, H2 and H4 are now estimated to have achieved this reduction, at 
8.30kgCO2kg/yr.m2 and 2.60kgCO2kg/yr.m2 respectively and H1 is very close at 
10.60kgCO2kg/yr.m2, all for primary and secondary space heating combined. 
However, this target is based on the percentage of CO2 emissions space heating 
accounted for in 2012 and this is likely to change due to potential changes in space 
heating fuels and electricity generation methods. Furthermore, the electricity 
demand of H4 has increased through the adoption of a mechanical ventilation and 
heat recovery system which was planned to be powered by photovoltaic panels, 
however these were not yet installed at the time of post-refurbishment interview. 
pre post pre post pre post pre post pre post pre post pre post pre post pre post pre post
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10
Secondary 8.5 3.0 0.0 0.0 16.8 0.0 0.0 0.0 0.0 0.0 0.6 0.6 1.9 1.8 0.9 0.9 25.9 0.0 0.0 0.0
Primary 21.7 7.6 19.1 8.3 23.3 23.0 9.4 2.6 49.3 29.1 19.0 18.6 48.5 46.8 27.2 19.8 58.2 57.3 38.1 28.6
% change" 65 56 43 73 41 2 4 27 32 25
2050 target 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01 9.01
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H1 did have solar photovoltaic panels installed at the pre and post-refurbishment 
interviews. Pre-refurbishment, H4 heated the home using a wood stove, which was 
low carbon but did not provide uniform heat across the home due to the centrally 
positioned nature of a wood burner, when compared with their under flooring 
heating across the ground floor and efficient building fabric, post-refurbishment. 
In consideration of the methods through which H2 and H4 have achieved, or almost 
achieved the 2050 target; H1 and H2 choose to heat to temperatures of 15oC (H2, 
or heat for short periods (H2), as shown through the measured monthly mean of 
living room data in Table 22, section 6.3.2. In addition both have installed external 
wall insulation and either some triple glazed windows (H1) or use secondary glazing 
(H2), and added draught-proofing. These properties, whilst now fairly efficient are 
capable of producing higher levels of CO2 emissions if householders’ who choose to 
heat to 18 to 21oC were to occupy them. Yet, H4 has invested more money into a 
whole-house refurbishment, as shown in Table 39 of section 7.5, which emits 
marginally more CO2 emissions for space heating, but the home should remain 
energy-efficient for all potential future householders’. 
7.3.3 Modelled space heating fuel costs  
The annual energy costs for primary and secondary heat sources were derived by 
multiplying the modelled annual energy consumption (kWh/year) by cost factors 
taken from SAP 2012. The cost factors used were 3.48p/kWh for gas, 13.19p for 
electricity and 4.23p for logs of wood (SAP, 2012). The fuel prices provided in SAP 
are averaged over the previous three years and across regions (SAP, 2012). Utility 
standing charges were excluded as these are likely to be the same pre and post 
refurbishment. The modelled estimates which include temperature measurement 
inputs are used. The results are shown in Figure 21 and include the modelled costs 
of primary and secondary heat sources, in addition to the total annual bill saving, 
including primary and secondary heating. Secondary heating was estimated using 
the factors in SAP 2012, further explanation below provides insight from the 
householders’. 
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Figure 21. Modelled space heating costs (primary and secondary) 
The modelled results show that every case study made savings on their annual 
energy costs as a result of the refurbishments. The post-refurbishment annual 
savings varied for window replacements (£7 and £56), boiler replacements (£289 
and £467), boiler plus cavity wall insulation (£266), boiler, window and extension 
build (£96), external wall insulation (£227), external wall insulation plus windows 
(£337) and whole-house refurbishment (£1,291). Where households no longer used 
secondary heat sources, this resulted in greater savings (H3 and H9). For example, 
H9 used an electric heater pre-refurbishment to heat the daughter’s bedroom 
which had a faulty window leading to increased heat loss when compared with 
other rooms with satisfactory windows. Replacing the window in this room meant 
that the electric convector heater was no longer needed. H3 previously used oil-
filled electric radiators to heat the living room and kitchen but once the heating 
system and radiators had been repaired/ replaced the heaters were no longer 
needed. H4 heated the property using a wood burner previously and switched to a 
combination boiler post-refurbishment. H4 were keen to minimise their CO2 
emissions both pre and post-refurbishment, but also spent eight years planning and 
preparing for the refurbishment so saw the sole wood burner coupled with an 
inefficient building fabric and no mains hot water, other than an electric shower a 
temporary measure.  
pre post pre post pre post pre post pre post pre post pre post pre post pre post pre post
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10
Secondary 138 69 459 115 113 568 548 191 175 540
Primary 665 357 450 224 486 478 1435 144 742 476 355 350 1543 1507 522 442 612 605 812 523
Total saving 377 227 467 1291 266 7 56 96 547 289
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7.3.4 Measured space heating energy demand 
The measured space heating demand both supported qualitative findings and 
triangulated the model. The primary space heating energy use has been converted 
to kWh and normalised per degree day and per m2 to allow comparison between 
the post refurbishment modelled and measured data, as shown in Figure 22. The 
modelled data used here is that accounted for primary space heating energy and 
the measured is the primary space heating data, based on gas meter readings with 
values for hot water and cooking gas use deducted. The values for hot water and 
cooking were derived either by calculating summer gas use for a set period and 
deducting this from the total winter gas use, or by using a typical percentage of 77% 
of gas use attributed to space heating, where measured data was missing (DECC, 
2014d). The full methods employed are detailed in sections 3.7.5: Normalised space 
heating fuel data and 3.7.6: Degree Days. 
 
Figure 22. Post-refurbishment measured and modlled space heating data (primary only) 
The modelled and measured data range from -67% (H10) in difference to +75% (H8). 
The difference varied for households who installed window replacements (33%), 
boiler replacements (2% and -67%), boiler plus cavity wall insulation (48%), boiler, 
window and extension build (75%), external wall insulation (54%), external wall 
insulation plus windows (-37%) and whole-house refurbishment (20%). The 
differences may be due to a number of things including a mismatch between 
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10
Measured 57.3 139.4 135.6 46.5 339.5 189.5 566.5 707.4 100.1
Modelled 78.4 64 132.5 37.1 175.3 127.7 241.1 141.7 306.9 166.7
% difference -37 54 2 20 48 33 75 57 -67
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assumed thermal performance and actual, errors in the amount of energy used for 
hot water use and cooking, inaccurate boiler efficiencies, proportion of secondary 
heating and window opening behaviour or inaccuracies in the SAP algorithms. The 
home which is the closest to the modelled values is H3, who have a relatively 
modern home, heat to temperatures similar to those assumed by the SAP model 
and have a fully operational heating system. The largest discrepancy is for H8 who 
reported the build of the new extension to be poorly carried out, potentially 
accounting for a higher measured space heating energy demand. The model 
outputs were lower than the measured values for eight households and higher for 
two (H1 and H10). Interestingly, H1 and H10 were the only two households to have 
conservatories which may be contributing to heat loss through open doors during 
the heating system or no permanent door (H1). 
The pre-refurbishment data was limited but available for H1, H2, and H3 who were 
the first three participants to take part within this study, and therefore visited at the 
start of the data collection period during winter months. The comparison between 
pre and post-modelled and measured data is presented in Table 38. 
Table 38. Pre and post refurbishment comparison with measured data 
 Boilers 
(B) 
Wall 
insulation 
(WI) 
Windows 
(W) 
Pre Post 
kWh/m2/yr % 
difference 
kWh/m2/yr % 
difference measured modelled measured modelled 
H1 -   114 145 -27 57 78 -37 
H2 -  - 194 120 38 139 64 54 
H3  - - 40 141 -250 136 133 2 
 
There is a performance gap between the measured and modelled values. This is 
common and will be discussed in relation to other research in the discussion section. 
The gap here is similar pre and post for H1 (-27 and -37) For H2 post-refurbishment 
the gap becomes greater, but is relatively close (38 to 54) and for H3 the gap 
becomes much smaller post-refurbishment (-250 to 2). For H3 the boiler post-
refurbishment would be running closer to a designed value as it was newly fitted, 
whereas pre-refurbishment it was faulty and therefore difficult to assign an 
efficiency value to, which could partly explain the discrepancy between modelled 
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and measured values, as the boiler was the only measure H3 installed. In previous 
research, boilers were found to run at 85 to 90%, when the SEDBUK efficiency rating 
was 91.3% and the system efficiencies could be as low as 50% during summer 
months (Wingfield et al, 2008). 
7.4 Householder expectations  
In terms of expectation for savings on energy bills as a result of refurbishments, six 
expected this to be the case, three were unsure (H4, H6 and H9) and one expected 
the fuel bills to increase (H8), however none quoted a figure. Those who had 
previously had a SAP assessment (H5 and H10) had received estimated savings as 
part of the assessment and opted for measures recommended on the SAP 
certificate. One household (H4) aimed to achieve standards equivalent to Passive 
House standards for thermal performance and air leakage leading to very low space 
heating energy demand. H6 and H9 were unsure whether replacing one to two 
windows would result in a financial saving on bills, however H9 also had a boiler 
replacement which they expected to run more efficiently. H4 was unsure whether 
fuel would be cheaper since previously heat was provided by a wood burner, which 
was relatively cheap to run. H8 did not expect to save money on fuel bills since the 
boiler was due to be replaced with a larger capacity model and an extension was 
planned for the house.  
In terms of energy use experiences, for some it was too soon after the 
refurbishment to know for certain whether bills had reduced, so this was not 
included within the results. 
7.5 Payback periods 
The householder expectations for payback, and estimated payback periods, derived 
using the simple payback method are presented in Table 39. The table shows a tick 
against each measure they installed in the left hand columns and a tick for those 
who expected their measures to payback, and those which actually did, or a cross if 
they did not, in each instance, as shown in the right hand columns. Some 
participants stated they were unsure so a question mark is used for this instance. 
The costs include all energy efficiency measures and installation costs, unless 
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otherwise stated. The costs for the radiators, plumbing and windows in H8’s 
extension are excluded. H4 adopted a whole-house energy efficiency improvement 
including loft and underfloor insulation so the overall costs are included. 
Households which required heating system improvements in order for their new 
boiler to operate have the price of this work included in the refurbishment cost.  
The product warranties were provided by most householders’ for boilers and 
insulation, but not windows which may be due to householders’ not valuing that 
piece of information as highly with windows. The product warranty is provided by 
product manufacturers but households generally expected their products to last 
longer than the warranty. For example, for boilers the householder’s expectation 
was 10-15 years. The expected product lifetime is 40 years for wall insulation, 30 
years for windows (Jakob, 2006) and 10 years for boilers (CSE, 2015).  
Table 39. Payback periods 
 Measures adopted 
 
Total cost 
(£) 
Model. 
Saving 
(£/yr.) 
Pay-
back 
(yrs) 
Payback 
=Yes 
= unsure 
  = No 
Boilers  Wall insulation  Windows  
Cost (£) PW. 
(yrs) 
Cost (£) PW* 
(yrs) 
Cost (£) PW 
(yrs) 
Expect Actual 
H1 - - 11,000 25 3725.06 ? 14,725 377 39   
H2 - - 10,600 25 - - 10,600 227 47   
H3 6,000** 7 - - - - 6,000 467 13   
H4 10,000 ? 10,800 ? 20,000 ? Approx. 
100,000*** 
1,291 77   
H5 1,850 5 420 15 - - 2,270 266 9   
H6 - - - - 2,400 ? 2,400 7 343   
H7 - - - - 9,995 ? 9,995 56 178   
H8 2,000***
* 
5 - - - - 2,000 96 21   
H9 2,000 5 - - ? - 2,000 547 4   
H10 1,920 ? - - - - 1,920 289 7   
*PW = product warranty, **incl. pipes & £2,500 tank for solar thermal, ***£100,000 incl. Solar thermal, MVHR, 
loft & floor insulation, air leakage sealing & architect/installers’ fees, ****excludes extension work, includes 
estimated installation costs       
In terms of payback, based on the expected lifetime of measures, H1, H5, H9 and 
H10 were due to payback within this time. The payback period formed part of the 
decision making process in terms of measure selection for H5; they chose a cheaper 
cavity wall insulation material to account for the length of time they expected to be 
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in the property. H1 had considered payback periods but did not expect the 
measures to pay back; each household installing external wall insulation did not 
expect the measures to pay back in their product lifetime, however for H1 both the 
windows and insulation have been estimated to payback within 40 years.  
The properties installing windows expected to see bill reductions but did not expect 
to recoup the money spent on the measures very quickly. Those installing boilers 
expected them to run more efficiently but did not know what the savings, or 
payback would be. H10 had undertaken a SAP assessment and was predicted 
savings of £1,350 over three years, or £182.79 per year as a result of installing a 
more efficient heating system. H4 was certain the investment would not pay back 
as the refurbishment was complex and accumulated to approximately £100,000 for 
energy efficiency measures and installation costs. Adding to the debate that 
payback is not a prime incentive for householders’ who are strongly motivated to 
saving energy. Following the boiler replacement H3, H4 and H10 also planned to 
install solar thermal panels and opted for boilers and systems which would allow 
this. At the time of post-refurbishment study, none of the systems were fully 
operational to include solar thermal but ready for later integration. The 
householders’ within the present study who targeted energy efficiency 
refurbishments spent time carefully planning the sequence of refurbishment 
measures to achieve the greatest savings. They would have benefitted from good 
quality detailed information on the installation process, provided through policy 
incentives and informed installers’. 
7.6 Chapter discussion 
This chapter responded to the following research question ‘RQ3. Do the 
householders’ actually save energy, carbon and money?’ and partly to ‘RQ1. What 
are the householder expectations of an energy efficiency installation and what do 
they actually get?’ The data which informed this chapter was gathered through 
semi-structured interviews with householders’ pre and post refurbishment; early 
2013 and then early 2014, during the heating period, where possible. This allowed 
householders’ to discuss their expectations for the refurbishment outcome at a 
time when the heating was in use. This qualitative data was supported by 
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quantitative data in the form of modified SAP models and comparison with 
measured space heating energy data based on meter readings. The modelling was 
based on geometry gathered during measured building surveys and inputs guided 
by SAP 2012 and SEDBUK, in addition to measured inputs of mean monthly air 
temperature and building fabric air leakage. This chapter discussion summarises the 
key findings in relation to RQ3, including householder expectations in relation to 
space heating, modelled space heating energy demand, subsequent CO2 emissions 
and payback periods, and the gap between measured and modelled data. The 
implications for installers’, policy makers’ in addition to the limitations of the study 
are discussed further in the Chapter 8: Thesis Discussion. 
Six householders’ expected to see a reduction in the amount of space heating 
energy used, through cheaper energy bills. However, most were unable to quantify 
the amount of energy they expected to save as a result of the installation, except 
two households’ who had previously received a SAP energy assessment of the 
property, which provided an estimate for potential energy and bill savings resulting 
from each measure.  Whilst this is not the intended use of SAP (SAPSIG, 2012), 
rather it is a policy tool, it is commonly used in this manner. One householder 
aimed for Passive House standard equivalents, purely because they felt they could 
and had the resources to do so; upgrading the local installer skills, generating 
demand for such measures and reducing their own carbon impact along the way. 
One householder expected the energy bills to increase due to the extension; two 
were unsure whether just one to two individual window replacements would have 
an impact and one felt the change of fuel, from wood to gas may lead to a cost 
increase, despite increased efficiencies. However, financial savings on energy bills 
were estimated for each household, according to modelled results. 
In relation to payback periods, only H5 (CWI and boiler) and H9 (boiler) were 
estimated to payback within the expected life of the measures installed. The 
households who installed external wall insulation or windows are not estimated to 
pay back within the life of the measure. This highlights a recognised flaw within the 
previous Green Deal scheme which calculated borrowing amounts based on energy 
bill savings. For external wall insulation to become economically feasible, 
   202 
 
Government subsidies may be required to encourage further uptake which aim to 
increase demand and improve supply chains, leading to cheaper installation costs. 
The modelled space heating results showed that every household made savings on 
the energy demand, when calculated per m2 and including secondary heat sources. 
The greatest reductions in space heating energy demand of 98% (H4), 65% (H2), 56% 
(H1) were made by the households’ who had external wall insulation fitted, or H5 
who had cavity wall insulation fitted (41%).  Similar patterns were shown in the 
percentage reduction of heat loss parameters; 89% (H4), 40% (H2), 44% (H1) and 22% 
(H5). Within the current study, albeit using a small sample, the largest energy 
savings were made by reducing the heat loss parameter of the building fabric. 
This current chapter model inputs were provided in accordance to factors which 
were most sensitive to space heating demand according to previous research by 
Firth et al (2009). This started with temperature in section 7.2.1 (as space heating 
energy demand is most sensitive to thermostat set points and the length of heating 
period), followed by the floor area of a home (section 7.2.2), then the thermal 
performance of the building fabric (7.2.4), followed by the efficiency of heat sources 
(7.2.5)., with ventilation and infiltration (7.2.3) in the order of SAP model inputs. 
The households which were found to heat to the lowest thermostat set points or for 
the shortest heating periods were also those which already sit within, or very close 
to the 2050 target for CO2 emission reductions, when considering 53% (EEDO, 2012) 
of 17kgCO2/m2/yr 2050 target (TSB, n.d.) accounts for space heating. This 
emphasises the impact of householder behaviour on space heating energy use. 
Modelled carbon emissions reduced in line with modelled energy savings, mostly. 
However, differences exist where there has been a change in fuel use, for example 
through no longer using an electric heater (H1, H2 and H9) or previously using a 
wood burner stove as a primary heat source (H4). For example, the reduction made 
by H4 is 73% in terms of CO2 emissions compared with 98% in space heating energy 
demand, because at the time of data collection the electricity was provided by the 
National Grid. However, in future, H4 are planning to install photovoltaic panels 
which would lead to a further reduction in CO2 emissions. The carbon intensity of 
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producing electricity (0.519kgCO2 per kWh) was much higher in 2012, than that of 
natural gas (0.216kgCO2 per kWh), the typical fuel for space heating. This 
emphasises the need to consider secondary heating in calculations, however wood 
logs account for lower emissions still (0.019kgCO2 per kWh). 
It is necessary to calculate the carbon dioxide savings in addition to energy savings 
as the legally binding UK targets are based on CO2 emissions, for example the 80% 
reduction in CO2 by 2050 target. The estimated target for 2050 for space heating 
emissions was 9.01kgCO2/m2/yr and H2 and H4 exceeded this, according to 
modelled results at 8.3 and 2.6kgCO2/m2/yr respectively, with H1 coming very close 
at  10.6kgCO2/m2/yr.  
In consideration of the methods through which H2 and H4 have achieved, or almost 
achieved the 2050 target; H1 and H2 choose to heat to temperatures of 15oC (H2, 
or heat for short periods (H2), as shown through the measured monthly mean of 
living room data in Table 22, section 6.3.2. In addition both have installed external 
wall insulation and either some triple glazed windows (H1) or use secondary glazing 
(H2), and added draught-proofing. These properties, whilst now fairly efficient are 
capable of producing higher levels of CO2 emissions if householders’ who choose to 
heat to 18 to 21oC were to occupy them. Yet, H4 has invested more money into a 
whole-house refurbishment, as shown in Table 39 of section 7.5, which emits 
marginally more CO2 emissions for space heating, but the home should remain 
energy-efficient for all potential future householders’. 
However, this 2050 target is based on the percentage of CO2 emissions space 
heating accounted for in 2012 and this is likely to change due to potential changes 
in space heating fuels and electricity generation methods. Furthermore, the 
electricity demand of H4 has increased through the adoption of a mechanical 
ventilation and heat recovery system which was planned to be powered by 
photovoltaic panels, however these were not yet installed at the time of post-
refurbishment interview. Pre-refurbishment, H4 used wood logs within a wood 
stove, which almost met the 2050 target in a much less efficient building fabric. 
However, thermal comfort was limited pre-refurbishment and met expectations 
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post-refurbishment, according to householder interviews. H1 did have solar 
photovoltaic panels installed at the pre and post-refurbishment interviews, and this 
was included in the modelling. 
The changes made per installation were 2% to 4% for those just replacing windows, 
H6 and H7, who both recorded a night-time normalised temperature increase of 1oC 
and 2.2oC respectively. A reduction of 25% to 43% for those replacing boilers and 
windows or cavity wall insulation (H3, H5, H8, H9, H10), whose temperature 
changes varied; 56% and 65% for those installing external wall insulation (H2), plus 
some windows (H1). In relation to temperature, H1 increased by 1.3oC and H2 
decreased by -0.8oC; then 73% and a 4.4oC temperature increase for the whole 
house refurbishment (H4). Therefore, there does not appear to be a clear pattern of 
temperature changes following refurbishment but the whole-house refurbishment 
led to a higher energy saving and a high temperature increase. The households who 
replaced windows did not save a great deal of energy, according to modelled results 
but did show temperature increases, potentially highlighting ‘take-back’; energy 
savings were low but comfort increased.  
The modelled figures differ somewhat from previous modelled results, using the 
Community Domestic Energy Model (Firth, Lomas and Wright, 2009) which 
predicted the following savings based on inputs for each of 47 archetypes of UK 
homes to create an overall average estimate: 15% for cavity wall insulation, 18% for 
upgrading boilers to efficient condensing gas boilers and 30% for replacing single 
glazed windows with double glazing (Firth and Lomas, 2009). This reinforces the 
need to treat each home individually and base savings on that particular home and 
energy behaviour patterns, as present case study households may have taken some 
temperature and comfort benefits as oppose to purely saving CO2 or energy. 
The disparities between this previous research and the present study may be due to 
different baseline emissions, or the nature of the previous modelled results based 
on an average figure of all UK housing archetypes, including flats. The purpose of 
this previous research was to estimate the potential savings of various energy 
efficiency measures to provide data on which to target for the UK housing stock. 
   205 
 
Other disparities could be due to differences in the baseline efficiency of the homes 
studied, thermostat set point temperatures, the assumptions for fabric u-values or 
the assumed efficiency of boilers and heat sources since the previous model (Firth 
and Lomas, 2009) was based on UK average data files.  
However, the present modelled results also differ from the measured results of 
space heating energy use, which were based on normalised data gathered 
calculating degree days of gas use over the selected monitored periods. However, 
the modelled assumptions for space heating energy demand are generally lower 
than the normalised data based on gas meter readings. This is despite the input of 
measured air temperature and air leakage results to the model. However, this is not 
dissimilar to previous research which found measured ranges of 15-30% for savings 
made through the addition of the same refurbishment measures to homes of the 
same designs and heated to the same temperatures (Socolow, 1977), and Bell et al. 
(2010) carried out forensic analysis on the factors influencing the performance gap, 
as further detailed in the literature review and Chapter 8. Thesis Discussion. 
The version of SAP 2009 was used in two ways within the current study, one with 
the usual model assumptions for indoor and outdoor temperatures and one with 
measured mean monthly values used as inputs. These values were all taken post-
refurbishment, and estimated for each month of the year using linear regression, 
for comparison pre and post refurbishment using constant temperature data. The 
reason for using measured inputs was to attempt to gain modelled estimates of 
increased accuracy to establish the impact of energy efficiency measures on space 
heating energy demand for the present case studies. SAP is intended to aid the 
assessment of energy performance across the UK to assist policy and regulation 
(SAPSIG, 2012). However, using it in the way of the present study has benefits which 
could be further explored in wider studies. 
In relation to the control of heating systems, six householders’ had challenges in 
adequately controlling their heating system pre-refurbishment, primarily due to 
system faults. Following the replacement of boilers within those households, 
participants reported better control of the heating and consequently household 
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temperature, their thermal environment comfort and space heating energy demand. 
However, this followed an initial period of developing an understanding of the new 
thermostat controls, which each household reported to be confusing at first. User-
Centred Design (UCD) is in its infancy in the energy demand of homes field (Haines, 
2014), but could assist in alleviating initial challenges such as this, through better 
design of controls. Previous studies suggest that effectively controlling heating 
systems and adopting zonal heating control within the home could lead to a 
reduction of 12% in heat demand when compared with heating the whole house 
(Beizaee et al, 2015), but this relies on fully operational thermostatic controls and 
heating systems in the home. 
If it is considered important for energy savings to be quantified in order to meet 
customer expectations, this may highlight a need for professional energy estimates 
through the use of models such as the standard SAP assessment. Incorporating 
more Green Deal Occupancy Assessment’s within SAP assessments and creating ties 
between SAP assessors and building surveyors may lead to more constructive 
recommendations being made to householder for energy efficiency refurbishment, 
at the time of purchasing a home at least. SAP is not actually intended to be a 
prediction tool at the individual level, rather to aid the assessment of energy 
performance across the UK to assist policy and regulation (SAPSIG, 2012), which is 
often forgotten. 
The potential energy savings may have a consequence on the householders’ choice 
to refurbish, or their choice of measures. For example, H5 chose a particular cavity 
wall insulation method which was cheaper than an alternative to ensure payback 
through reduced energy costs. However, the householders’ within the current study 
who did not know the amount of energy they were likely to save still went ahead 
with the measures. Household H4 was certain the money invested would never pay 
back through energy savings.  It must be remembered that this particular sample 
were found to be more environmentally conscious than the average UK household, 
which contributes to their decision making, as discussed in Chapter 4: Case study 
characteristics.  In consideration of the personas, developed by Haines and Mitchell 
(2014), the present householders’ fell between The Stalled, who required grants to 
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get started but were strongly motivated; The Functional Pragmatist who were 
motivated to save energy and keen to do work as a result of things wearing out or 
moving into a new home, with available finance and The Idealist Restorer who sees 
the property as a project. For each persona there is a requirement for a reliable 
policy which can provide adequate information and choices for finishes and part-DIY 
(particularly for idealist restorer); EWI fitting part of a complete package provided 
by installers’ (particularly for functional pragmatist) or EWI being provided with a 
100% grant (particularly for The Stalled). It seems appropriate to trial these tailored 
approaches within the next policy mechanism aiming to incentivise energy 
efficiency refurbishment of UK owner-occupied homes. 
7.7 Chapter conclusions 
This chapter responded in part to the following research questions ‘RQ1. What are 
the householder expectations of an energy efficiency installation and what do they 
actually get?’, ‘RQ3. Do the householders’ actually save energy, carbon and money? 
This chapter explored the space heating energy demand of buildings and 
subsequent fuel, carbon and financial costs and savings. The data collected included 
building surveys, building performance modelling using a version of SAP (2009), 
measured inputs to the model: air leakage test results and air temperature 
(monthly floor-area-weighted means recorded post-refurbishment and estimated 
per month using regression analysis). In addition, interview data relating to the cost 
of measures and expectations of possible savings were included. The results are 
concluded starting with pre-refurbishment householder expectations, followed by 
modelled estimates for space heating energy demand for longer post-refurbishment 
term estimates, then CO2 emissions, followed by energy bill savings and payback 
periods.  
In response to interview question 1, six households expected to save energy as a 
result of their refurbishment, although this was the main motivation for just three 
of those households. However, only those who had received a SAP assessment had 
an expectation of the quantity of energy they may save. One household had a 
personal ambition to achieve standards equivalent to the passive-house standard 
on thermal performance and air leakage. 
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The present and following two paragraphs respond to research question 2. 
According to modelled estimates, households saved between 2 and 98% on space 
heating energy demand. Those who replaced windows achieved 2% and 4% savings, 
boilers 27-25%, and 41% when combined with cavity wall insulation, those who 
installed external wall insulation 56-65% and the whole house refurbishment 
including triple glazed windows, a boiler installation and full fabric insulation in 
addition to air leakage sealing achieved a 98% reduction according to modelled 
results with measured temperature and air leakage inputs. Including measured 
temperature inputs to the models led to increased accuracy, which was apparent 
for households H1 and H2 who provided weekly meter readings for measured 
comparison.  
Carbon dioxide emissions reduced in line with energy savings for primary heating, 
for most participants in this research. As electricity is currently more carbon 
intensive than gas production, and has higher carbon conversion factors, 
households who previously used electric secondary heaters but no longer needed to 
use them post-refurbishment made greater savings on carbon emissions than those 
households who did not use secondary heating pre-refurbishment. Conversely, one 
household required mechanical ventilation following the refurbishment which led 
to a lower overall CO2 reduction electricity demand was included, rather than when 
only considering space heating energy demand. The original heat source for H4 was 
a wood burner which was very low in carbon intensity and almost met the 2050 
target before insulating the fabric but limited thermal comfort. The modelled CO2 
reductions were therefore 2-4% for window replacements, 25-43% for boilers; 41% 
for a boiler replacement combined with cavity wall insulation and draught-proofing 
and 56-65% for external wall insulation combined with draught-proofing and 73% 
for a whole-house refurbishment.  
Every household made savings on their annual estimated energy bills, according to 
modelled results. Only four were estimated to payback within the life of the 
measure; two boilers, one cavity wall insulation and one external wall insulation 
and triple glazed windows. Those installing external wall insulation made the 
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greatest savings on space heating energy demand through reducing the heat loss 
parameter of the building fabric. 
H1 and H4 households exceeded the 2050 target for space heating CO2 emissions 
and one came very close to meeting it. However, unlike previous modelling which 
assumed an internal design temperature of 21oC when estimating the potential for 
CO2 emission savings (Johnston et al, 2005), H1 and H2 set their thermostats to 
15oC or few hours of the day. H4 heated to higher temperatures, measuring 18.8oC 
during the night, as reported in the previous chapter; thus meaning the home of H4 
is energy-efficient despite heating behaviour.  
A performance gap between measured and modelled of between -67% and 75% 
was recorded, a common theme which has been reported previously (Socolow, 
1977), between designed values and differing measured values of identical buildings. 
More recently, RftF found most homes consumed +15% modelled estimations but 
some varied by up to 150% (TSB n.d.). Much research is taking place to better 
understand performance gaps (for example, Bell et al., 2010; Wingfield et al., 2011 
and Zero Carbon Hub, 2014). Variations may exist due to the model inputs under or 
overestimating fabric heat loss, or heating system efficiency. It could also mean that 
the households within the current study use more than the average household for 
hot water and cooking. The measured data was limited which makes comparison 
challenging. However, the differences noted emphasise the need to treat modelled 
space heating energy data within the present study, with caution.  
The present chapter has explored the householder expectations for energy demand 
reductions resulting from their refurbishments, which were mostly expecting some 
degree of saving, but unable to quantify an estimate, unless they had received a 
SAP assessment, perhaps highlighting the difficulty householders’ face in estimating 
energy savings without complex modelling processes and external support. 
According to modelled results, for longer term estimates, every household did make 
energy savings, with consequent CO2 reductions and reductions in energy costs; the 
measured data broadly supports these findings. The following chapter will discuss 
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these findings further, in relation to the other thesis results, before concluding the 
thesis in Chapter 9. 
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8. THESIS DISCUSSION  
This chapter brings together and discusses key findings in relation to the three 
research questions and the thesis aim ‘to identify whether energy efficient 
refurbishments of UK owner-occupied homes are successful from the householders’ 
perspective’.  The interdisciplinary mixed methods approach has allowed qualitative 
data to be gathered from ten case study households on householder expectations 
and experiences, to be triangulated with quantitative data measuring indoor 
environment conditions and space heating energy demand (modelled and 
measured). This approach allowed for rich data to be gathered from a small number 
of case studies to allow for a holistic stance on the expectations and outcomes of 
energy efficiency refurbishment to UK owner-occupied homes, from the 
householders’ perspective, supported and triangulated by physical measurements 
which provide longer term post-refurbishment estimates of comfort and energy 
outcomes. The underlying need for the research is the UK legally binding target of 
achieving an 80% reduction in CO2 emissions by 2050, from 1990 levels (HM 
Government, 2008). The chapter considers the householders’ perspective in 
relation to the key research questions ‘RQ1. What are the householder expectations 
of an energy efficiency installation and what do they actually get?’; ‘RQ2. Do the 
householders’ perceive an internal environment improvement?’ and ‘RQ3. Do the 
householders’ actually save energy, carbon and money?’ The implications for 
installers’ and policy makers’, key contributions to knowledge, limitations of the 
study and methods critique are included in turn. 
8.1 What householders’ expect and what they actually get 
This section focuses on research question 1: ‘what are the householder 
expectations of an energy efficiency refurbishment and what do they actually get?’ 
by expanding on the discussions from the relevant sections of Chapter 5 (process of 
refurbishment), Chapter 6 (living environment comfort) and Chapter 7 (space 
heating energy demand) with some consideration for Chapter 4 (household 
characteristics).  
The motivation or reason to refurbish partly determines the expectations of the 
household, in such as they are likely to expect to achieve the motivating factor. This 
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was explored during the pre-refurbishment interviews and whilst six households 
were motivated to undertake refurbishment to improve energy efficiency, this was 
sometimes coupled with replacement of a faulty window or boiler (six households) 
and for one the aim was to increase the floor space which entailed replacing a 
boiler and fitting new windows. This is similar to previous research findings, such as 
that by Mallaband (2013) who studied 20 owner-occupied households and found 
that householders’ wanted comfortable homes (N=20), which were adequately 
repaired (N=15) and energy-efficient (N=15) and the barriers to achieving this 
through refurbishment included the cost (N=12), time (N=10) poorly skilled 
installers’ (N=10) and perceived difficulty (N=8); disruption was a factor for four 
households. Therefore, promoting comfort alongside energy efficiency makes sense 
to attract more uptakes, according to research of the reported benefits in both 
social housing and now owner-occupied housing. 
In relation to time and cost barriers, the timing of the refurbishments for the case 
study households was due to the arrival of a baby, having saved money or gained 
access to funding or due to an opportunity to move out of the property and for 
many it was a combination of factors. Ultimately, there are multiple factors which 
create the ideal timing, available funding and motivation to refurbish. This creates a 
fairly unique opportunity for installers’ and policy makers to support households in 
achieving energy efficiency refurbishments. Whether, or not, householders’ expect 
to save energy in a refurbishment, should not dictate whether or not options which 
would increase energy efficiency are offered by professionals working within the 
industry. Every domestic refurbishment is an opportunity to work towards the 80% 
reduction in CO2 emissions by 2050, from 1990 levels. 
Installers’ were used for information and advice by eight households, followed by 
internet searching by six and advice from friends, neighbours and relatives by five. 
Previous research on 1000 householders’ in Germany (Steiss and Dunkelberg, 2013) 
also found installers’ to be a key source of information. This can partly determine 
the level of knowledge of the available measures and potential benefits, or risks of 
installing a measure (Nair et al., 2010). However, the level of advice installers’ could 
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offer was found to be disappointing by informed householders’ who were aware of 
the potential to save energy.  
Refurbishments were managed by householders’ for seven households, with the 
assistance of an architect for two households and with additional assistance from 
an Energy Company Obligation (ECO) ‘provider’ for two households. The present 
sample of case study households were all found to be educated to degree level or 
within a professional occupation and five households had at least one member with 
a post-graduate degree with two of those households with members who were 
trained civil engineers, which perhaps highlights their ability to carry out 
independent research, within this field. Three households were found to have pro-
environmental attitudes, and the whole sample mean for the present study, based 
on the householder categorising surveys, was higher than in previous research (Reid, 
2010). Therefore, the expectations of the present households are likely to be more 
focused on improving energy efficiency of their homes, than the average UK 
householder.  
The households in the present research generally installed the measures they had 
planned to during the research stage. However, some compromised due to installer 
availability or expertise. For example, one installer did not have the expertise of 
combined heat and power units or heat pumps which the householder hoped for, 
and another struggled to suggest a system which could integrate solar thermal. 
Within the first example, the householder opted against installing a Combined Heat 
and Power unit and chose a Worcester Bosch boiler which could accommodate 
solar thermal at a later date, through personal research. Within the second example, 
the householder also used personal research and advice from a relative on an 
installer who could assist with the process, both emphasising the gap in available 
public information. 
The need to replace something faulty, such as a boiler may be fairly, or very, urgent. 
Therefore, the available time for installers’ to recommend energy-efficient heating 
systems, or alternative options may be also limited and represent a missed 
opportunity if installers’ do not have the expertise to suggest options which achieve 
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higher efficiencies than they are acquainted with. Householders’ may not have the 
time to consider options which reach beyond the minimal disruption, and may 
achieve higher reductions in energy demand. In the present research, some 
households just needed to replace the boiler and were happy with whatever make 
the installer recommended with the knowledge that any new boiler would likely be 
more efficient than what they had. This approach places the scope for energy 
efficiency improvements with the installer and their skill set, or available products 
then consequently with policy makers and product manufacturers. 
Furthermore, householders’ who do not carry out personal research and opt for the 
most cost-effective option (in capital costs) may choose a heating system which is 
not the optimum solution in terms of efficiency. Therefore, policy has a role to 
strongly regulate and provide incentives to opt for more ambitious solutions in 
terms of efficiency. In the present research, the households saw the time to replace 
the faulty boiler as an opportunity to become more energy efficient struggled to 
gain information from installers’, or installers’ who were trained to do this, within 
their local area of the East Midlands. Installers’ often become specialist with boiler 
brands they feel comfortable with and have parts for (Banks, 2001), so this can 
create a barrier for providing alternative options; whilst helping to ensure quality 
installations. This is a challenge within emerging markets, but could be addressed 
through maintaining better online information about installers’, expertise and 
specialists. It may mean installers’ need to travel further afield to gain work, as 
householder demand may be steady at present, but otherwise, householders’ may 
continue to struggle to find the expertise they need.  
The research found that challenges expressed above, were not limited to heating 
systems. For example, one installer of external wall insulation was unable to install 
the chosen material of phenolic board (0.020W/m.K, (GreenSpec, 2017)), and the 
householder was advised that the installer was only able to install polystyrene 
boards (0.033-0.035W/m.K (GreenSpec, 2017)), which have a higher thermal 
conductivity and thus lower performance, leading to smaller energy efficiency 
improvements than their preferred choice. Whilst the householders’ were 
dissatisfied, at the time they felt this was the only option in order to gain ECO 
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funding through this particular installer. It seemed, that although installer 
organisations were Green Deal approved, the installers’ carrying out the work were 
not all working to a high level of expertise, putting at risk the reputation of the 
emerging industry and future uptake of measures, in addition to the potential 
moisture risks to the properties where insulation products have been mis-installed.  
Providing energy efficiency refurbishment installers’ with further training and 
support to offer a service which allows householders’ to gain expertise on the 
potential measures could be a positive step in encouraging further uptake of energy 
efficiency technologies. This could consequently create further demand for such 
measures from householder friends and neighbours via word of mouth 
recommendations (McMichael & Shipworth, 2013). Where installers’ do not have 
the expertise, a signposting service via a central web portal could aid householders’ 
in getting the information they need and thus allowing them to meet their 
expectations and achieve their motivations.  
Research reported by the Westminster Sustainable Business Forum (WSBF) (2016) 
supports this and found that advice and information are an important part of 
increasing domestic energy efficiency refurbishment uptake. The energy efficiency 
refurbishment market is relatively new and therefore does yet have the maturity of 
other construction activities. The market development could be used as an 
opportunity to drive forwards the construction industry as a whole through 
attracting installers’ who are keen to work on a practical and scientific level with a 
high level of competence with physical installation skills, yet also understand the 
science behind the work they do. This is supported by previous recommendations 
by Fawcett (2013) who aimed to identify the policy gaps regarding energy efficiency 
domestic refurbishment and found that most policy focuses on reducing cost to 
householders’ but there is lack of attention given to other barriers such as a lack of 
information, motivation or trust in professionals.  
Providing accurate information and creating trust with householders’ can be 
considered part of providing good customer service by installers’ to householders’. 
Communication, conduct and workmanship can have a large impact on the 
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householders’ perception of energy efficiency refurbishment (Risholt and Berker, 
2013). The standard of service quality should be high throughout both the energy 
efficiency and general refurbishment industry alike. The Egan report (1998) 
Rethinking Construction set a goal for a ‘focus on the customer’ to be a priority 
within the construction industry and there has been a dearth of literature on this 
theme since the report. Therefore, it is difficult to compare the energy efficiency 
industry with that standard refurbishment industry but it is likely that many 
installers’ will work on both types. The new market opportunity within energy 
efficiency refurbishment therefore creates a time for customer service to be 
emphasised in training opportunities for energy efficiency refurbishment installers’.  
Within the present research, some householders’ were pleased with the customer 
service provided and some were disappointed, depending on their particular 
experiences. Examples of where householders’ were pleased were installers’ doing 
as they say they will in terms of time, costs, installation, products and 
communication. However, there were cases where the measures installed were 
delayed in start dates or the duration of works. Delays to start dates occurred for a 
variety of reasons including gaining planning permission, gaining quotes from 
suitable installers’ via an architect, waiting for and then going through the ECO 
process. Delays to the duration of the process occurred due to on-site training, poor 
planning of materials deliveries leading to delays within the installation sequence. 
Some of these issues may have been out of installers’ control but still led to delays 
suffered by the householder. This may be a question of market maturity which will 
be minimised naturally over time. However, owner-occupied householders’ face 
multiple demands on their time (Haines and Mitchell, 2014) and a focus on 
resolving such challenges now will ensure the process of refurbishment becomes 
smoother from the householders’ perspective in future. 
The developing industry has fluctuated in numbers of installer organisations, due to 
policy changes. For example, in October 2012 there were 231 Green Deal accredited 
installer organisations and in May 2016 there were 1,681, peaking at 2,774 
organisations in August 2014 and decreasing to 1,681 in May 2016 (BEIS, 2016). The 
Green Deal ended in July 2015 and the ECO2 (followed ECO1) scheme was due to 
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run until March 2017. These schemes replaced CERT (2008-2012), CESP (2009-2012) 
and Warm Front (2000 to 2013), which are all relatively new schemes, though have 
provided opportunity for a market to develop, with a previous focus on alleviating 
fuel poverty, social housing refurbishment and energy company obligations; which 
created work in bulk for installer organisations. It seems that in order for a growing 
market to flourish and provide a viable option for owner-occupied households, a 
consistent policy is needed, which ensures installers’ can remain in work within the 
sector, develop their expertise and are incentivised to do a good job. Furthermore, 
installer teams are needed to work together to overcome detailing issues such as 
re-fixing downpipes, ventilation openings and electric cables to the surface of 
external wall insulation. Additional incentives for these parties to work together and 
develop teams, perhaps through online portal promotion to attract more business 
may assist in overcoming some common challenges. 
The policy fluctuation detailed above may have contributed to one company used 
by a case study household in the present research going into liquidation mid-
installation. This led to considerable disruption to the householder and installation 
duration of over three months, compared with the two weeks they expected. It is 
unlikely that this is an isolated case due to the dwindling numbers of installer 
organisations stated above. Future policies need to be carefully designed, prepared 
and implemented to not only alleviate doubts raised from previous unsuccessful 
policies, but to ensure installers’ can rely on the policy and begin to generate 
demand from householders’ within it, in a sustainable way. 
Householders’ found that during the process of works, measures such as installing 
insulation or adding air leakage sealing were less well practised by installers’ and 
trainees were working on the projects, whereas window and boiler replacements 
had fewer accounts of unexpected disruption; however they were still not always 
perfect. This is logical, however, those factors of unexpected disruption which are 
reported across both types and are preventable, should receive more focus by 
installers’. Namely, these were problems with material supplies; either not ordering 
the correct quantity (insulation), not ordering delivery at the right time (windows, 
insulation) or poor planning and organisation causing householders’ to wait beyond 
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the expected arrival date for measures to be installed (windows, boiler parts and 
programmers). Installers’ may be busy and struggle to make time for such tasks but 
they are likely to save time and protect their reputation in the longer term by 
paying careful attention to such detail. 
In relation to less mature markets such as air leakage sealing, more rigorous training 
programmes and the stimulation of a new wave of installer’s with both practical 
skills and building physics expertise would assist in reducing unexpected factors to 
the householders’. The Ofgem evaluation of ECO identified poor workmanship at 
the launch of the scheme (Ofgem, 2015). However, in order to gain ECO funding, 
accredited installers’ were required which led to expectations of capabilities 
increasing, with dissatisfaction occurring where trainees were sent to carry out the 
installation by ECO accredited organisations. The market needs to upskill rapidly, 
through the use of test houses or otherwise, to prevent poor workmanship leading 
to poorly performing housing and potential defects.  
As households were sometimes using personal savings, borrowing or using 
inheritance money for their refurbishments and making changes which could affect 
the value, of their home, employing trainees is likely to lead to concern and 
potential dissatisfaction. Whilst one household was satisfied with the refurbishment 
becoming an opportunity for energy efficiency refurbishment skills to develop, and 
one saw it as an opportunity for installers’ from different trades to begin working 
together on energy efficiency refurbishment, others were not happy and this 
caused some anxiety. The householder who saw this as an opportunity to develop 
skills within their local area struggled to source installers’ with the right skill set 
within the local area and opted to choose a builder who was both experienced in 
the non-energy efficiency refurbishment trade and enthusiastic to gain further skills. 
The householder accepted that this may cause delays but accepted that risk. What 
the householder found was that this particular builder paid careful attention to 
detail; whereas the Green Deal approved insulation installers’ who were trainees, 
did not appear to pay such careful attention to detail; creating householder 
dissatisfaction.  
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A general theme of dissatisfaction was householders’ feeling the installers’ did not 
care for their home and the impact the work may have. This was particularly true 
where installers’ were found to work unsafely and not adequately protect from 
damage to the home, or did not clean up at the end of the day. Installers’ could be 
more mindful of working within home spaces to achieve greater householder 
satisfaction and improve their reputation. This is similar to findings by Banks and 
White (2012) who found that householder experiences were not just a factor of 
what happened but also related to whether they considered disruption to be 
unnecessary and avoidable (Banks and White, 2012). Where installers’ make a 
conscious effort to minimise disruption to householders’, do what they say they will 
and work in a safe manner this is likely to lead to increased householder satisfaction. 
This is likely to minimise possible tensions between householders’ and neighbours, 
especially if the neighbours overlook the work taking place or a scaffold adjoins 
their property. 
Communication may assist in preventing unexpected factors of dissatisfaction 
relating to disruption, unexpected delays or complications during the process, as 
this will aid in managing householder expectations. Householders’ were surprised 
by levels of dust and noise created during the process, which could have been 
minimised through prior warnings. Installers’ may not realise the disruptive nature 
of their work, if they do similar work regularly and become very accustomed to it. 
The argument for managing expectations is supported by earlier research by 
Vadodaria et al. (2010), in that householders’ are often willing to tolerate disruption, 
but unexpected factors can cause considerable stress. 
The mess created on site and the waste generated does not seem to be dealt with 
in a consistent manner. This can cause disruption to both the householders’ and 
their neighbours if mess and products, such as insulation or old boilers are left in 
the garden. Dealing with this type of mess and waste may need further regulation 
and careful auditing from Building Control teams. 
The energy efficiency refurbishment industry is complex and requires those carrying 
out refurbishments to be knowledgeable on the risks involved. The complexity can 
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contribute to the challenges with communication between installers’ and 
householders’, in addition to disruption, workmanship and time management. As 
owner-occupier householders’, can face challenges including conflicting demands 
on their use of time and financial resources and their role as the decision-maker 
(Haines and Mitchell, 2014), this may lead to their communication with installers’ 
being rushed, or their budget creating barriers to choosing what they would entirely 
satisfied with.   
Furthermore, as householders’ may find refurbishing the home a source of anxiety 
and feel unsure whether they can achieve their desired goals (Haines and Mitchell, 
2014), hearing of stories of complex processes, high levels of disruption and 
unexpected delays may contribute to a feeling that they would not be able to deal 
with the process at all. Householders’ within the present study struggled to know 
whether they knew if a good job was being carried out, or not and this may be a 
factor which deters many from future uptake. Where installers’ are able to provide 
detailed information at the start, in a clear and concise method, householders’ may 
feel more able to proceed. If the related policy incentives could be tailored for 
particular householder personas, in line with previous research by Haines and 
Mitchell (2014), this may lead to more successful outcomes from both the 
householders’ perspective and that of policy in meeting CO2 reduction targets. 
8.2 Perceptions of living environment 
This section discusses key themes which emerged in response to RQ1 on 
expectations and RQ2: ‘Do the householders’ perceive a living environment 
improvement?’ This covers the overall thermal environment, condensation, 
acoustics and heating control. 
To summarise the pre-refurbishment comfort findings, five households identified 
temperature as a particular source of discomfort within the home, three mentioned 
air quality in relation to damp and three mentioned acoustics. Four households 
expected to feel warmer in the home following refurbishment, five expected a 
reduction in condensation but only one expected an improvement to the acoustics 
in the home. However, five also expected a reduction in heat loss through the 
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improvement of building fabric leading to warmer surface temperatures, yet this 
appeared to be considered in relation to energy efficiency, as opposed to comfort.  
Perceptions of householder comfort were challenging to measure due to their 
complex relationship with the physical environment and well-being of the 
participant at the time of data collection. Therefore, physical measurements of 
indoor air-temperature, relative humidity and air leakage were also taken to 
support qualitative findings on the thermal environment comfort, condensation and 
draughts respectively.  
Following the refurbishment, most households noticed an improvement on their 
thermal comfort within the home, which was not a specific aim for all. Whilst this 
was gained via a variety of means, for example through decreased fabric heat loss, 
air infiltration reductions, a fully operational and functional heating system and 
better control of the heating system, it was not promoted to any as a particular 
benefit of the refurbishment. Previous research (Banks and White, 2010 and 
Gilbertson et al, 2006) found that thermal environment comfort improved following 
refurbishment to social housing properties yet it is still not promoted widely by 
installers’ or through Government schemes. Previous research has been dominated 
by social housing refurbishment, in which case ‘take back’ could have led to 
improved thermal comfort in homes which were previously under heated. In the 
present research some householders’ opted to heat to lower temperatures, but 
those who did not also reported a thermal comfort improvement. This represents a 
crucial missed opportunity in marketing energy efficiency refurbishment and could 
be better promoted. When householders’ undertake refurbishments of kitchens, 
bathrooms and general room décor the motivation is may be to improve comfort on 
an aesthetic level, or functional level. Householders’ have been previously found to 
prioritise seeking comfort in the home (Mallaband, 2013), therefore, increasing 
awareness of comfort benefits following energy efficiency improvements could 
attract households who are not motivated by saving energy, or money. 
Temperatures were measured to support qualitative findings. The normalised 
temperature, taken at night time showed a mean increase of 1.4oC across all 
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households, with the greatest increase for the whole-house refurbishment (4.4oC). 
Night-time temperatures indicated temperature improvements from the 
refurbishment measures as opposed to a change in householder behaviour (Love, 
2014). The quantitative findings were mostly in line with qualitative findings, adding 
validity to the results; except for one household who stated they felt warmer in the 
home but recorded a cooler normalised night-time air temperature measurement 
following the installation of external wall insulation. This household did plan to heat 
to a lower temperature which could explain this gap. Most households do not 
measure indoor temperatures following refurbishment, but may benefit from 
receiving this data as confirmation of one improvement the refurbishment 
measures have made.  
In relation to temperature, particularly surface temperature; reductions were 
reported in surface condensation, and risks minimised according to measured data. 
This supports previous research (Ball and Roberts, 2012; Howden-Chapman et al. 
2007 and TSB, n.d.) and has the potential to improve householder health and 
reduce damage to building elements and items close to the areas previous suffering 
from surface condensation. The householders’ reported conflicting available 
information on the risks relating to moisture and the building fabric, during their 
pre-refurbishment research, so this created satisfaction. The risks of interstitial 
condensation or condensation forming elsewhere are present and further research 
would be beneficial.  
Air leakage increased for all the households who participated in this part of the 
measured data collection. Whilst the occurrence of mould formation has been 
found to be lower in homes which are more efficient (Ridley et al, 2005), whole-
house moisture levels should be considered (May and Sanders, 2014) to ensure 
good air quality and prevent future mould formation. There appeared to be a lack of 
information available to householders’ as to when further means of ventilation 
would need to be considered following a refurbishment. This may be reflected by 
uncertainty over this within the industry (Nazaroff, 2010) and a need for further 
research. This highlights a potential area for installers’ with knowledge of building 
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physics, or an extension of the information provided within SAP assessments for 
householders’ to be generated following further research. 
Noise reduction from new boilers was reported by four householders’, only one of 
whom mentioned noise being a problem during the pre-refurbishment interview.  
Two householders’ reported their home feeling quieter following window or wall 
insulation installations. In relation to aesthetics, two households were particularly 
pleased with the appearance of insulation and one householder felt the new 
windows framed the garden nicely. Improvements to acoustics within the home 
were unexpected to those who had boilers replaced, which were much quieter than 
the previous boilers; or by those reducing infiltration through replacing windows, 
draught-proofing and adding insulation to the external walls. Previous research 
recommended that acoustic comfort benefits be better promoted as a potential 
improvement to the home through energy efficiency refurbishment marketing 
(Banks and White, 2012), and the present findings support this suggestion. As the 
number of households who report noise to be a problem from outside the home 
has increased since 2002 (Grimwood et al., 2002 and Notley et al., 2014), this could 
become an increasingly attractive benefits for those decreasing air infiltration 
through external walls. 
In further exploring comfort, particularly focusing on the broader sense of the word,  
in terms of control, as defined by Cole et al. (2008), four householders’ had 
challenges in adequately controlling their heating system pre-refurbishment, 
primarily due to system faults. Following the replacement of boilers within those 
households, participants reported better control of the heating and consequently 
household temperature, their thermal environment comfort and space heating 
energy demand, leading to satisfaction. However, this followed an initial period of 
developing an understanding of the new thermostat programmers for each of those 
four households and some frustration during this process since the new 
programmers were so different to the previous models. Control of the heating 
system dictates the length of heating period and temperature set point, for 
example heating zones within a home could lead to a 12% reduction in heat 
demand when compared with heating the whole house (Beizaee et al, 2015). 
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Therefore, getting this right and user-friendly for householders’ is crucial. Heating 
system control is a rapidly changing field at present and households are now able to 
control heating via smart phones and via daily programmers. The challenging factor 
is making sure the amount of controls per system is minimised and people can use 
the controls effectively, especially as homes become more complex with controls 
for heating, ventilation, solar thermal and solar photovoltaic becoming necessary. 
8.3 Energy, carbon and money 
This section responds to research question 3: ‘Do the householders’ actually save 
energy, carbon and money?’ and partly to research question 1 in relation to pre-
refurbishment expectations and post-refurbishment achievements.  The section 
starts by discussing householder expectations to save energy, before going on to 
discuss expectations for payback from measures. These findings are supported by 
modelled energy use and measured data comparison, to assess the long-term 
impact of the energy efficiency refurbishment measures on space heating energy 
demand. The findings are followed by a discussion on the levels of disruption 
encountered for different refurbishment types. 
The same six households who were undertaking their refurbishment with an aim of 
increasing energy efficiency expected to see an energy saving, through cheaper 
energy bills but most were unable to quantify the amount of energy they expected 
to save unless they had received a SAP assessment for the property. However, 
where the SAP assessments were carried out, they did not include the Green Deal 
occupancy assessment which would have provided advice tailored to the 
householders’ energy use behaviour; as these households did use the assessments 
as decision making tools in their choice of refurbishment measure, this highlights a 
missed opportunity; albeit a more time consuming one. It is worth noting here that 
one household identified a mistake on the SAP assessment which stated cavity wall 
insulation was already installed, but it was not and this was checked as a result of 
the householder’s perception of the walls feeling cold to touch. A less inquisitive 
householder may have accepted the certificate and another opportunity would 
have been missed, perhaps without affecting national statistics on insulated cavity 
walls. Energy assessors need to be more carefully audited, whilst the SAP tool is 
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used in this way to evaluate the potential energy savings resulting from measures, 
and not the intended use to inform policy measures. Furthermore, at present, 
energy assessments are carried out in isolation to building surveys but a programme 
targeted at combining the two parties could assist householders’ plan energy 
efficiency refurbishments which work with the building fabric and structural 
properties of their home. 
In relation to payback, only two households were due to ‘pay-back’ within the life of 
the measures, according to modelled results; one for CWI and a boiler and one for a 
boiler. This was factored into the decision making process for the CWI installation. 
Other households are not likely to pay back within the life of their measures, 
highlighting a recognised flaw within the previous Green Deal scheme which 
calculated borrowing amounts based on energy bill savings. For external wall 
insulation to become economically feasible for the average home owner, larger 
Government subsidies may be required to lead to further uptake which aim to 
increase demand and improve supply chains, leading to cheaper installation costs. 
Further research and development on the installation process and materials used 
may assist this process. For example, if householders’ install their own insulation 
with guidance, could they do it in a more affordable way? Available materials could 
be further developed to aid installation and 0% VAT and profit on these products 
could aid in incentivising uptake.   
According to modelled results, every household made savings on their energy 
demand and subsequent CO2 emissions and fuel costs, as explained further in 
subsections below. Households H2 and H4 reduced CO2 emissions to below the 
2050 target from average 1990 levels, for space heating which is 
9.01kgCO2/m2/year (53% of total domestic CO2 emissions (EEDO, 2012), which 
account for 17kgCO2/m2/year (RftF, n.d.)), according to modelled results. These 
particular households were both highly motivated to achieve significant savings and 
without their personal motivation this would not have been possible.  
The two householders’ exceeded the 2050 target for space heating CO2 emissions, 
according to modelled results (H2 and H4) adopted differing refurbishment 
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strategies; one households took a piecemeal approach and installed measures over 
time (H2), whereas the one who achieved the lowest annual CO2 emissions per m2 
per year carried out a whole-house refurbishment in one go but spent a significant 
sum of money in doing so (over £100,000) (H4). H2 chose to heat for short periods 
in occupied rooms only and one opted to heat to a set point of 15oC due to 
environmental concerns, but this may entail a health risk for some. The whole-
house refurbishment (H4) achieved a mean air temperature of 18.8oC during 
unheated night-time hours, an increase from 14.4oC pre-refurbishment, which may 
entail a health benefit. Therefore, the modelled results showed that meeting an 80% 
reduction in CO2 emissions from 1990 levels is possible through either a whole-
house refurbishment maintaining comfortable indoor air temperatures, or through 
a more piecemeal approach of external wall insulation, and other measures 
installed prior to this study taking place, and spending less money overall, but 
heating to a temperature some may find uncomfortable, or unhealthy. 
The challenging part of developing a successful policy which allows households to 
make such significant energy efficiency refurbishments is to enable others to do the 
same, by using other motivational factors. As mentioned earlier, Haines and 
Mitchell (2014, developed personas for which each may require different 
refurbishment packages, for example an Affluent Service Seeker may need a 
complete package from one supplier; accredited suppliers (or installers’) must be 
skilled to supply a range of services to provide a seamless one-stop shop, offer a 
variety of wall finishes, promote comfort and property value increase benefits and 
penalties could be applied if the EWI is not fitted to an agreed time plan. However, 
for ‘Stalled Starters with a Lack of Finance or Pressure of Life’, government policies 
offering 100% finance would be needed, or further measures to assist them to 
move out of this category.  Adopting this approach to policy creation may enable a 
method for marketing comfort benefits to be targeted towards particular markets. 
The modelled space heating energy demand, modelled CO2 emissions and modelled 
space heating costs for both primary and secondary heat sources per household are 
summarised in Table 41. However, prior to exploring this, it is important to draw 
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comparison between the measured and modelled space heating energy data, as 
presented in Table 40. 
Table 40. Measured and modelled space heating energy demand (primary only) 
  
Measures installed* 
Space heating energy demand (primary) 
 Measured Modelled  
% difference  B W I kWh/yr/m2 
H1 -   57 78 -37 
H2 - -  139 64 54 
H3  - - 136 133 2 
H4    47 37 21 
H5  -  340 175 49 
H6 -  - 190 128 33 
H7** -  - --- 241  
H8   - 567 142 75 
H9   - 707 307 57 
H10  - - 167 100 -67 
*B = Boiler, W = Windows, I = Wall Insulation, **H7 collected meter readings but some were misplaced 
The comparison between measured and modelled results, for primary space 
heating shows variations ranging from -67% to 75%. These differences could be due 
to a number of factors including differences in in cooking, bathing and washing 
routines between householders’ are have been reported in previous research 
(Lutzenhiser, 1993), this would affect the percentage of as use attributed to space 
heating. The actual efficiency of faulty heating systems pre-refurbishment may have 
led to higher than average discrepancies between actual efficiency and seasonal 
efficiency figures for H3, and this was not accounted for in the primary heating 
system efficiency inputs. Post-refurbishment, H3 was found to have a 2% difference 
between measured and modelled results, following the replacement of both the 
heating system and faulty radiators. Previous research found boilers differed from 
designed efficiency values, when measured (Wingfield et al., 2008). In addition, the 
chosen temperatures for H3 were more in line with SAP temperature assumptions, 
as presented in Table 9 of SAP (2012), than other households.  
The space heating modelling derived measured inputs for monthly indoor air 
temperatures (mean values post-refurbishment used) and air leakage test results 
from measured data, in an attempt to increase the accuracy of the model and tailor 
it to the space heating behaviour of the household. It is common for modelled 
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results to differ from measured results (Socolow, 1977; TSB, n.d.; Bell et al., 2010). 
Previously, this has been accountable to a variety of factors including 
underestimating timber within walls (23%); not fully accounting for thermal bridges 
(25%) and a fall in window performance following the use of a new supplier (21%) 
(Bell et al. 2010). Performance gaps have also been recorded within heating system 
efficiencies (Wingfield et al., 2011). Within the scope of the present study it was not 
possible to undertake sensitivity analysis to understand the discrepancies found.  
However, despite the discrepancies, the modelled data was used to generate space 
heating energy demand, CO2 emissions and costs as it was not possible to gather 
pre-refurbishment meter reading data from all households during cold weather 
months and modelled data enabled pre and post comparison with controlled 
changing variables. As stated previously, to increase the accuracy of the model 
measured air temperature and air leakage test result were input to the model. A 
summary of the modelled space heating energy demand and subsequent CO2 
emissions and energy costs are provided in Table 41. 
Table 41. Space heating modelled and measured results (primary and secondary heating data) 
  Space heating 
Measures 
Installed 
Modelled energy 
demand* 
Modelled CO2 
emissions* 
Modelled costs* 
 B W I kWh/m2/yr % - kgCO2/yr % - £/year % - 
    pre post  pre post  pre post  
H1 -   117 41 65 30 11 65 803 426 47 
H2 - -  89 39 56 19 8 56 450 224 50 
H3  - - 140 106 24 40 23 43 945 478 50 
H4    495 12 98 9 3 73 1435 144 90 
H5  -  228 135 41 49 29 41 742 476 36 
H6 -  - 118 115 2 20 19 2 471 464 1 
H7 -  - 323 312 4 50 49 4 2111 2055 3 
H8   - 185 141 24 28 21 27 714 618 13 
H9   - 320 265 17 84 57 32 1152 605 47 
H10  - - 176 132 25 38 29 25 812 523 36 
*Measured compared with modelled, in terms of % change (% +/-) 
Whilst the modelled energy savings and CO2 reductions are positive, it is essential to 
remember that all of these measures were primarily driven by householders’, with 
some help from architects, ECO advisers and installers’ along the way. The savings 
may have been greater if installers’ were able to advise and provide on further 
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measures, or if significant Government support was available to install low-carbon 
heating technologies such as heat pumps. The household who did enlist the help of 
an architect who specialises in energy efficiency refurbishment achieved the 
greatest savings, following planning and saving for eight years to cover the time 
required through moving out of the property, (which was created through working 
abroad for two years), and cover the costs of over £100,000. Whilst these actions 
achieved very positive results, this is unlikely to be a feasible option for many.  
If policy makers were able to further develop the quality of advice and streamline 
the processes of ECO installations and a future Green Deal replacement, more 
householders’ may start to consider such ambitious refurbishments, which 
according to research by Davis and Oreszczyn (2012) are necessary if we are to 
achieve an 80% reduction in CO2 emissions by 2050. The decarbonisation plan for 
UK homes has previously been referred to as a huge ‘experiment’ set in place by 
policy makers, with a need for research teams to work alongside them (Davies and 
Oreszczyn, 2012) in tackling unintended consequences which occur. This is due to 
the large-scale and rapid changes which are necessary to meet the target. 
The experiences encountered throughout these refurbishments have entailed stress, 
anxiety, concern for the property and security, relationship challenges and a great 
deal of time and money from the householders’, negative experiences encountered 
may prevent further uptake of measures in the near future and potentially limiting 
the overall potential for each home. The energy and carbon savings made through 
the whole-house refurbishment and external wall insulation installations required 
greater investment of time and money from the householders’ and are likely to be 
less attractive to less motivated householders’ whilst also entailing the greatest 
amounts of stress and disruption. If significant further reductions are to be made 
through energy efficiency installations the market needs to address these 
challenges and find solutions to create a more positive experience for the 
householders’ which adequately prepares them for the refurbishment whilst also 
informing them of potential comfort and energy demand reduction benefits. The 
following section will explore factors which contribute to success from the 
householders’ perspective, based on the findings of the present study. 
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8.4 Factors contributing to success from the householders’ perspective 
The key factors contributing to the success of the energy efficiency refurbishments 
from the householders’ perspective are briefly outlined in Table 42 and further 
explained as recommendations to installers’ (I), policy makers (PM) and Researchers 
(R) in the subsections below. 
Table 42. Factors contributing to success of energy efficiency refurbishments 
Theme Factors contributing to success Related 
recommendation 
Refurbishment process Advice and information gained was informative and clear. I1 
 Options for energy efficiency refurbishment readily available I2, PM1 
 Installers’ easy to find and highly skilled. I3, PM2 
 Installers’ have knowledge of the science and risks of their work  14, PM3, R1 
 Refurbishment on planned start and finishing date. I5 
 Communication satisfactory; accurate, informative and polite. I6 
 Planning permission gained rapidly. I7, PM4 
 Installers’ work within a consistent regulated policy framework. P4 
 Installer trades work together as a team to resolve challenges. I8 
 Funding criteria, application and guidance clear and concise. I9, PM5 
 Work was carried out in a safe manner. I10, PM6 
 Disruption was as expected , and seen to be minimised I11 
 The home was treated with respect. I12 
 Mess was tidied away at the end of each day. I13 
 Making good carried out; cables and fixtures replaced. I14, PM7 
 Neighbours accepted the work. I15 
 Waste on site was managed effectively. I16, PM8 
Living environment 
comfort 
The home felt more comfortable as a result of the refurbishment.  I17, PM9 
 Ventilation was given adequate attention. I18, PM10 
 Visible condensation reduced. I19, R2 
 The home became quieter. I20 
Space heating energy 
demand 
Energy savings are made. I21, R3 
 SAP assessments must include carefully considered inputs. P1, PM11, R4 
 Adequate funding provisions available for deep refurbishment PM12 
 The provision of careful consideration and guidance on controls. 
 
I22 
I = Installer, PM = Policy Makers, R = Researchers 
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8.5  Recommendations for key stakeholders 
8.5.1 Installers’ 
I1. Advice and information provided to householders’ needs to be informative and 
clear; most householders’ within the present study turned to installers’ for advice, 
therefore, this presents a key opportunity to promote energy efficiency 
technologies. Installers’ who keep up to date with available training and relevant 
expertise may attract more business. 
I2. Where installers’ are able to offer energy efficiency technologies householders’ 
are keen to install this may attract more business.  Otherwise, referring customers 
to installers’ who do have the skills may be beneficial and possibly lead to future 
business referrals. 
I3. Installers’ who are easy to find, make it clear what skill set they have and keep a 
good reputation are more likely to secure contracts with householders’ and achieve 
potential energy savings whilst improving the home environment. Promotion 
adverts and social media may assist installers’ in becoming more readily known to 
local people. 
I4. Where installers’ are able to develop a deeper knowledge of the science behind 
the technologies they install and the impact they may have on both comfort and 
energy use householders’ will gain trust and refurbishment risks will be minimised. 
I5. The refurbishment starting and finishing on time minimises disruption for 
householders’ and allows their expectations for these aspects to be met; whilst 
delays can be due to a number of factors these should be allowed for and additional 
time reserved prior to the refurbishment starting to ensure everything is in place.  
I6. Communication between installers’ and households needs to be accurate, 
informative and polite to maintain positive working relationships and lead to 
customer satisfaction.  
I7. Planning permission gained quickly will help a project get started quickly. The 
process of obtaining planning permission should be well practiced and refined by 
installers’ who develop positive relationships with the local planning department. 
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I8. Where the process of installation is smooth and installers’ work together as a 
team to achieve this, unexpected factors are minimised and on-site challenges can 
be worked out together during the installation process. Installers’ should take the 
opportunity to develop good working relationships with installers’ of other trades 
when working on energy efficiency refurbishments. 
I9. Installers’ who are up to date with available policy funding will be able to offer 
clear advice on it and gain contracts. Consistent policies may help enable this.  
I10. Working safely is paramount on any building site but particularly when working 
inside a person’s home. This should never be compromised. 
I11. Where the process of work is seen to minimise disruption to the householders’ 
they are likely to appreciate the efforts taken to achieve this. 
I12. Where the home is treated with respect by installers’ households are likely to 
notice this and value the attention taken. 
I13. Mess is created as part of most refurbishment projects but where it is cleared 
away at the end of each day this is likely to lead to greater householder satisfaction 
and time should be scheduled to enable this. 
I14. Making good carried out following refurbishments is essential, particularly 
where cables, pipes and fixtures need to be replaced.  
I15. Disruption to neighbouring properties minimised to reduce possible tension. 
This should create a more positive reputation for the industry and potentially lead 
to more work. 
I16. Waste created on site was managed effectively and disposed of carefully. 
Managing waste on site is vital as embodied carbon within materials being removed 
from a home during a refurbishment could end up on a landfill site, if they are not 
effectively dealt with. 
I17. Where householder comfort is improved following the refurbishment process 
this leads to great householder satisfaction. It is not always promoted as a potential 
benefit and could be included. Through developing expertise of comfort criteria in 
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terms of thermal comfort, noise, aesthetics, light and control within the space and 
asking householders’ whether they feel any discomfort in the home pre-
refurbishment, measures which are tailored to suit their needs could be 
recommended. 
I18. Air quality can be improved as a result of improving the energy efficiency of a 
home through reduced damp and mould, or an improved ventilation system 
(including windows and mechanical means). However, it can also deteriorate where 
air leakage is increased without the provision of adequate ventilation. Where 
draught-proofing has been installed it appears to be particularly important to 
remind householders’ to check their perception of air quality in the home and open 
windows if the home begins to feel stuffy, which they may refrain from doing if they 
are trying to conserve energy. 
I19. Visible condensation can reduce as a result of warmer surfaces and less surface 
condensation following the additional of fabric insulation. This could be suggested 
as a potential benefit to householders’, if they are made aware of the risks to 
interstitial condensation. 
I20. The home can become quieter as a result of refurbishment as a result of having 
a new quiet boiler or reduced air infiltration through building fabric. This is another 
potential benefit to communicate to householders’. 
I21. Refurbishments which lead to energy savings being achieved are positive for 
householders’ and the wider community alike. Wherever possible these energy 
savings need to be maximised as the opportunity to reduce energy demand may 
only come once and presents a significant opportunity. 
I22. The provision of carefully guided information on how to use new heating 
system programmers would be beneficial as four householders’ within the present 
study struggled initially with new programmer control and one replaced their 
programmer for a more user friendly model. 
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8.5.2 Policy Makers 
PM1. The option to choose energy efficiency technologies needs to be simplified for 
householders’ through more carefully co-ordinated policies and improved installer 
training. Particular packages could be tailored, promoted and offered to different 
persona types, aligned with previous research by Haines and Mitchell (2014). 
PM2. Online portals of installers’ who are both accredited and have a strong track 
record for their staff and overall reputation are needed. This will help householders’ 
gain trust and reduce risks during the installation process. Accredited installers’ 
within the ECO scheme were not always easy to find for householders’, and where 
accredited installers’ were sourced they were not always competent; the site 
manager often was but not the teams working with that person. As householders’ 
expected accredited highly skilled professionals this led to high levels of 
dissatisfaction within the present study. Periodical auditing of accredited installers’ 
in terms of householder satisfaction and installer perspectives on the local market 
conditions may be beneficial. 
PM3. Following on from PM2, a new wave of installers’ are needed who both 
understand the physical processes needed to install energy efficiency technologies 
but also understand the science behind the work they do, and the risks involved. 
PM4. Gaining planning permission must be streamlined from the Local Authorities 
Panning teams. Guidance provided to planning offices must be up to date, succinct 
and clear so they can make decisions quickly, based on the properties within their 
local area. 
PM5. Within policies aiming to improve energy efficiency in the home and providing 
funding to assist in achieving that aim, the funding criteria, application process and 
guidance to apply must be clear and concise for householders’ to understand and 
take up the process.  
PM6. Refurbishment work is not always carried out in a safe manner within the 
home environment and this puts installers’, householders’ and their homes at risk. 
Whilst this is difficult to audit, increasing penalties of not working safely and 
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including the compliance check within Building Control visits may reduce the 
instances of this. 
PM7. The costs of making good should be included within funding streams made 
available to installers’ to prevent cutting corners to save time and money. 
PM8. Effective local waste handling strategies need to be implemented, particularly 
targeted for installers’ working on domestic refurbishments to enable waste to be 
dealt with in a way which causes least harm to the environment and allows re-use 
and recycling of materials, where possible.  
PM9. In the present study, comfort improvements exceeded expectations in terms 
of thermal environment and acoustic comfort; these benefits could be promoted 
and perhaps tailored messages used for households suffering from discomfort. 
PM10. Air quality is impacted by energy efficiency refurbishments and this may be 
beneficial but may also lead to inadequate natural ventilation in a home and this 
area needs further research and tailored advice provision to ensure householders’ 
do not suffer from poor indoor air quality post-refurbishment.  
PM11. SAP assessors may benefit from increased audits and evaluation of practices 
to ensure mistakes are minimised. In addition, SAP could be further integrated with 
Green Deal Occupancy Assessment’s and better integrated with building surveys to 
encourage a deeper evaluation and more constructive recommendations for energy 
efficiency refurbishment.  
PM12. Bill savings were made by households but measures did not always ‘pay-
back’, particularly whole house refurbishments, or ‘deep’ refurbishments. The 
previous Green deal golden rule did not attract uptake and energy efficiency 
policies need to be reconsidered; could further funding be provided for these 
extensive energy saving programmes to target 60%, or even 80% CO2 reductions, 
thus placing less demand on the supply system. 
8.6  Opportunities for further research 
Opportunities for further research are all focused on evaluating the impacts of 
energy efficiency refurbishment to UK homes. 
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R1. The installers’ perspective or the policy-maker’s perspective could be studied 
further within domestic energy efficiency refurbishment, and non-energy efficiency 
refurbishment. This would enable insight from an alternative perspective. 
R2. There is still a need for further research on the long-term impact of energy 
efficiency refurbishments on moisture levels within building fabric and relative 
humidity levels within the home. The present research found that visible 
condensation was reduced but this was on a short-term basis and a longer study 
period would be beneficial. 
R3. The practices of refurbishments which achieve over 80% reductions in space 
heating energy demand could be further studied, perhaps incorporated into a study 
of new business models for refurbishment in addition to other key stakeholders’ 
perspectives and analysis of energy efficiency installer training in the UK, as detailed 
in section 8.3. In terms of policy analysis, comparisons could be drawn from practice 
in leading countries for energy efficiency building design. In schemes where 
charities, local authorities and installers’ work together on ‘affordable’ energy 
efficiency refurbishments and these experiences could be researched and reported 
widely, particularly in terms of communication, detailing, decisions made and 
standards achieved. 
R4. Incorporating air temperature and air leakage test measurements into SAP 
models could be further explored with a larger sample of households and a larger 
variety of consumption levels. Further post-occupancy evaluation of refurbishment 
projects with longitudinal measurements of energy use could help to improve the 
validity of these models. This could be extended to include the life-cycle of 
materials used, either in the same study, or a second study. 
 Key contributions to knowledge 
The key contributions to knowledge resulting from this research relate to the 
householder perceptions and experiences of the refurbishment process, as this 
represented the largest gap in the literature review, in particular the experiences of 
UK owner-occupied householders’. Overall, the process was satisfactory for some, 
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but unsatisfactory for those installing measures not so commonly installed such as 
external wall insulation, air leakage sealing or aiming for heating systems which are 
more efficient than standard systems. This was due to a lack of clear information, 
trainees working on site, project delays and high costs, in addition to high 
expectations from householders’ following personal investment in research time 
and funding. Further detail is provided below. 
• Owner occupied householders’ experience similar surprise about 
refurbishment disruption, as previous research focused on social housing 
tenants has found, even though owner-occupied households plan the 
refurbishment themselves.  
• Installers’ who were ECO accredited did not always work in safe and 
competent ways, causing stress to householders’ which was augmented by 
the fact householders’ were required to use ECO accredited installers’ to 
access ECO funding. 
• Installers’ were a key source for advice but were unable to recommend 
measures they do not routinely install, such as high levels of insulation. 
• Householders’ were surprised by the amount of dust noise and mess created. 
• Thermal environment comfort benefits exceeded expectations for five 
households. 
• Acoustic comfort improvements exceeded expectations for five households, 
particularly where new boilers were installed which ran quieter than their 
old ones. 
• Six households expected to see an energy demand reduction but most could 
not quantify it, although EPC certificates guided expectations for two 
households.  
• Two households exceeded the 2050 CO2 emission reduction target for space 
heating. 
• Only two measures were found to pay back within their lifetime by modelled 
results, which was in line with householder expectations. 
• Air leakage sealing during the refurbishment process creates a lot of waste, 
much more than the householder expected. 
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• Waste resulting from refurbishments, is not dealt with in a consistent 
manner; sometimes householders’ dealt with it themselves, sometimes 
installers’ took it. 
8.7  Limitations of the current study 
The key limitations of the current study were the sample size, sample bias, 
quantitative data collection limitations: duration, methods and invasiveness. 
The sample size was as planned, ten households. This was fortunate since ten 
completed their refurbishments within the timescale, from an original fourteen 
potential case studies. However, whilst a small sample is the only feasible approach 
to gather such rich data within the PhD timescale, the findings are not statistically 
significant. 
In qualitative research, avoiding a sample bias is often a challenge. Within the 
present study it was a particular challenge due to the nature of the inclusion criteria. 
Recruitment was broad and covered newspaper articles, emails, posters, word-of-
mouth, open home and workshop visits. However, those who came forward who 
planned measures which aimed to do more than simply repair a faulty window or 
boiler were found to have pro-environmental attitudes, in the categorising survey, 
and some were well motivated to save energy. Therefore these experiences may be 
either the lower limit experienced by typical householders’ as the present sample 
could have been better prepared as a result of their personal research, or it may be 
that the present sample’s expectations were much higher than a typical 
householders’ may be 
8.8  Methods critique 
The mixed-methods case study approach was felt essential for gathering adequate 
data to describe householder expectations, perceptions and experiences, whilst 
providing the opportunity to triangulate the householders’ perceptions with 
measured data on the physical internal environment and space heating energy 
demand and subsequent CO2 emissions and energy costs, in addition to 
refurbishment costs and the calculation of payback periods. However it was quite 
an ambitious plan and required careful planning and design, co-ordination, data 
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management and data analysis skills to be developed, to do justice to the time 
spared by householders’ and the opportunity to carry out this study. 
The qualitative approach was useful for gaining data on householder perceptions 
and experiences, however, it was challenging to find out whether households 
expected to save energy or create a warmer home without asking leading questions. 
Therefore, questions were very open-ended such as ‘Do you expect any changes to 
the internal environment of the home after the refurbishment?’ and ‘Have you 
noticed any changes to the home environment following refurbishment?’ The 
interviewer then probed responses to explore the ‘why’ in responses given. 
However, the open-ended nature of questions may mean that some responses 
were missed as questions were not always explicit. Despite this, householders’ were 
aware that air temperature and relative humidity were being measured which is 
likely to have created an assumption for change, if they did not already expect a 
change in these factors. Interestingly, the air leakage tests were a later addition and 
none of the householders’ mentioned draughts until they were asked to mark 
known draughts on a floor-plan. However, some did later incorporate draught-
proofing into the refurbishment itself, following pre-refurbishment air leakage 
testing and before post-refurbishment fabric air leakage testing. It is extremely 
challenging, and perhaps impossible not to have any influence during such an 
invasive study within the home environment. 
It is somewhat ironic that the present study explored disruption encountered during 
refurbishment, but through doing so added another layer of complexity to the 
refurbishment process to householders’. Whilst a good working relationship was 
created with householders’ and their time was very much valued, sometimes the 
anxiety caused during the refurbishment appeared to be experienced all over again 
during the shortly-after refurbishment interview through having to explain it, 
although one householder commented on feeling comforted by somebody taking 
note of the experiences, further consideration of minimising the necessity of 
explaining experiences may be beneficial, however techniques such as ethnography 
and photography may be invasive and too blatant during the process itself. Diaries 
during the refurbishment process may provide some relief to householders’ during 
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the period of stress whilst also capturing ‘live’ data. This could be further explored 
in future studies. 
The categorising surveys were brief to minimise the demand on householder time. 
However, it is very difficult to ‘categorise people’ at all, let alone through a series of 
tick box questions, so caution should be taken when considering these categories. 
Furthermore, householders’ stated their responses may change to the attitudes and 
behaviour surveys on different days. 
The air-temperature measurement would have benefitted from one full winter pre 
and one full winter post-refurbishment. In addition, it was sometimes challenging to 
choose which previously employed method of data analysis to adopt. The most 
sensible method appeared to be standardising the outdoor air temperature to 5oC, 
particularly at night when the heating was reported to be off for many households. 
However, this was not always fit for comparison with previous studies and did not 
tell the full picture of the ‘lived-in’ and perceived air temperature within the home 
at a chosen time. However, this did allow fair comparison between pre and post-
refurbishment data. Data collection equipment could have been calibrated in a 
more robust manner, following a careful plan, as the manufacturers calibration of 
new sensors was relied on. The number of sensors deployed per household will 
have helped to overcome this shortcoming though as air-temperature data was 
gathered from each room to establish an overall monthly mean, as used in the 
modelling. 
The quantitative data collection methods changed slightly at the start of the data 
collection period. During the first four weeks of air temperature monitoring, whilst 
further reading on the methods employed was still taking place, it became apparent 
that collecting the air temperature data for one full year from each room in the 
home would allow for floor-area-weighted monthly means to be calculated for each 
home and this would provide a useful input to the version of the SAP model. 
Furthermore, whilst exploring the input data for the SAP model, a decision was 
made to collect fabric air leakage data. The changes were cleared by the ethical 
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committee and provided as an option to householders’, whilst ensuring they felt no 
obligation.  
The gas meter data collection could have been improved by enabling a longer data 
collection period pre and post refurbishment, perhaps one full year on each side to 
gain more summer and winter data, but ideally longer monitoring periods. In 
practice, this may be challenging, particularly if this method were to be used in 
post-occupancy evaluation. However, this would have led to more measured data 
to compare with the modelled data and could be used to increase the model 
accuracy through sensitivity analysis. Measuring the gas attributed for cooking and 
water heating to enable separation from the gas used for heating would have 
increased the accuracy of the comparison with the modelled data. Furthermore, the 
gas meter readings were not always verified by the researcher which leaves space 
for further error. An optical reader was considered to read the gas meter itself 
however this required a particular license and would need to be fitted by a gas safe 
registered person due to the risks of attaching monitors to a gas meter, and was 
therefore opted against to minimise householder disruption during the data 
collection. 
Furthermore, as the measured data differed somewhat to the modelled data, 
further analysis of what the discrepancies were through deeper exploration of each 
model. For example, during the stage of writing the discussion for the thesis, 
methods of adapting the model to suit faulty heating systems were discovered 
within the SAP model. Better research earlier on may have enabled the model to be 
adapted to suit the households which had faulty heating systems, such as the 
methods used for boiler interlock which require a 5% reduction in seasonal 
efficiency of the boiler, as detailed in section 9.4.11 (SAP, 2012). This may have led 
to a closer match between modelled and measured data. However, it is recognised 
that understanding the correct adjustments would be challenging due to the 
complexity of a faulty heating system and the likelihood of faults being intermittent, 
as reported by some householders’.  
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The version of SAP employed for the modelling calculations was 2009 9.90 (Allinson, 
2010), which is now a little out of date, however, the modelling piloting began in 
2012 and case study modelling early 2013, prior to gaining access to a more up to 
date model. The energy, carbon intensity and cost factors used were from the 2012 
edition which was the most recently published available data within the SAP 
methodology, which the researcher wished to align with. It is recognised that 
electricity has since become less carbon intensive and this should be acknowledged 
when interpreting the results. 
In summary, it is felt that the methods employed do answer the original research 
questions. However, there is room for improvement with both the qualitative and 
quantitative aspects. Nevertheless, to fully understand householder expectations 
and experiences of refurbishment, perceptions of comfort and the physical 
outcomes of energy efficiency refurbishment, a recommendation to use a similar 
mix of methods in future is made, perhaps streamlining them and carrying out very 
careful time planning at the research design stage. To gain further insight on the 
householder experiences of the refurbishment process itself, a bigger focus on 
qualitative side may be necessary, perhaps incorporating the use of diaries. 
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9. THESIS CONCLUSIONS 
This research has investigated the householders’ perception of energy efficiency 
refurbishment to UK owner-occupied homes. The issue of energy efficiency of UK 
homes is important because the domestic sector accounts for more energy use than 
any other sector and contributes large amounts of CO2 as a consequence. The UK 
has a legally binding target to reduce CO2 emissions by 80% by 2050 and much of 
our existing housing will still be in use in 2050. In recent years, the energy efficiency 
standards have improved for new homes but a standard for existing buildings which 
have the potential to exceed 80% reductions in CO2 emissions, from 1990 levels, 
according to previous research, does not yet exist. Recent policy has targeted 
owner-occupied homes but failed due to a lack of appeal to those households 
(Rosenow and Eyre, 2016). There is still great potential to achieve CO2 emission 
reductions but success will depend on the owner-occupied householders’, landlords 
and tenants making decisions to refurbish and going through the process of 
refurbishment including finding funding, skilled installers’, planning the time and 
tolerating the disruption. Where the process causes dissatisfaction this may prevent 
future uptake through word-of-mouth referrals.   
Therefore, the aim of this research was to identify whether energy efficient 
refurbishments of UK owner-occupied homes are successful from the householders’ 
perspective, and according to physical measurements. In response to the aim, the 
following research questions were asked: 
RQ1. What are the householder expectations of an energy efficiency installation 
and what do they actually get?  
RQ2. Do the householders’ perceive a living environment improvement?  
RQ3. Do the householders’ actually save energy, carbon and money?  
To answer these questions, an interdisciplinary mixed-method case study approach 
was taken to gain rich insights from ten owner-occupied households’ who went 
through the energy efficiency refurbishment process. Data was gathered during the 
heating season pre and post, and very shortly following refurbishment to capture 
   244 
 
qualitative data on expectations and experiences in relation the process, comfort 
and energy, and quantitative data on comfort and energy to enable data 
triangulation within RQ2 and RQ3. 
The findings of the present research reveal that whilst it is physically possible to 
make 80% reductions in CO2 emissions, householders’ within the present study did 
not always expect to make savings on this scale, and neither do their contracted 
installers’. In practice, the potential savings are not targeted at all, unless the 
householder has a particular interest and appoints a specialist architect.  
Householders’ within the present sample recognised that the easiest path was to 
not refurbish at all but they proceeded despite the cost, time and disruption it 
entailed, due to their personal motivations to save energy, or the need to repair 
something which had become intolerable. The expectations of the refurbishment 
process were vague as the information for this was not available through online 
searching or provided by installers’ pre-refurbishment. Householder expectations 
on the process of refurbishment were primarily focused on the start dates and 
planned duration of work. The physical processes taking place had not been 
explained by any, and it was down to the householders’ to find out for themselves, 
often during the process itself. 
Therefore, the householders’ were somewhat surprised by the levels of noise and 
dust created and particularly dissatisfied to find installers’ working unsafely or 
showing a lack of respect for their home. Where householders’ were both informed 
and felt their home was treated with respect dissatisfaction and unexpected factors 
both decreased. Furthermore, communication was not always satisfactory and 
some installers’ either did not communicate effectively or were impolite whilst 
working in the householders’ homes. Conversely, some householders’ found the 
process was relatively smooth and installers’ on site made good working 
relationships with other installer teams. Routine installations, such as boiler and 
window replacements, entailed less unexpected factors. 
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In response to the first part of RQ1 on expectations, Householders’ expectations 
were partly governed by motivations to replace something that was faulty (six 
households), for some whilst improving energy efficiency (six households) and 
increasing floor space (one household). As part of the refurbishments, four 
households expected to feel warmer in the home and five expected to notice 
reduced heat loss through the fabric and warmer surface temperatures. 
In response to the second part of RQ1 on what householders’ actually got, repairs 
were carried out and generally boilers and windows performed better following the 
refurbishment. However, for two households parts were missing at first and 
windows leaked. For those who received new boiler programmers using the 
programmer was a challenge to begin with, perhaps further instruction from 
installers’ could assist with this.   
In relation to the physical process of refurbishment, this came as a surprise and 
most were surprised by the level of disruption experienced through dust and odour 
which was a particular source of disruption in addition to noise, which only one 
household reported an expectation for. For a small number the work was very 
messy and concern for damage to home raised anxiety levels for two households. 
Negative experiences led to relationship challenges for four households. Whilst all 
expected levels of disruption, further information on the processes provided by 
installers’ and particular days the highest levels of disruption will be encountered 
could have better managed their expectations. This would aid satisfaction from the 
whole process and possibly encourage further uptake through positive word-of-
mouth referrals. 
In response to RQ2, all but one householder reported a thermal environment 
improvement, six found acoustic improvements were made due to quieter boilers 
or better sound insulation and five reported visible condensation improvements. 
These benefits enabled more space to be used within the home and more 
acoustically comfortable bedrooms for those who had boilers in the bedrooms, 
which could lead to better sleep. Improvements to the thermal environment, 
reductions in condensation and a quieter living space are all likely to create health 
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benefits to householders’. Benefits of comfort improvements were not promoted to 
householders’ at all during the research stage and represent a gap in the policy and 
promotion of energy efficiency refurbishment, as well as a gap in the marketing 
method by installers’.  
In response to RQ3, every household achieved an energy demand reduction, 
according to modelled results, by between 2 and 98%. The 98% improvement was 
modelled for a house which achieved very high levels of air-tightness and insulation, 
from a fairly inefficient home. Those who replaced windows were predicted to 
achieve 2% and 4% savings, boilers 27-25%, and 41% when combined with cavity 
wall insulation, those who installed external wall insulation 56-65% and the whole 
house refurbishment including triple glazed windows, a boiler installation and full 
fabric insulation in addition to air leakage sealing was predicted to achieve a 98% 
reduction, according to modelled results with measured temperature and air 
leakage inputs.  
The modelled CO2 reductions were slightly different due to changes in secondary 
heating systems with varying CO2 intensities, therefore 2-4% for window 
replacements, 25-95% for boilers; 41% for a boiler replacement combined with 
cavity wall insulation and draught-proofing and 56-65% for external wall insulation 
combined with draught-proofing and 73% for a whole-house refurbishment. The 
whole-house refurbishment was the most disruptive and expensive and was only 
possible when the householder was able to move out, after eight years of planning. 
External wall insulation was unlikely to pay-back and entailed high upfront costs to 
householders’. These factors need to be considered in future policy. Either further 
subsidies are needed for the installation of high levels of insulation, or through 
improved training, support and compliance for installers’ who are then able to 
provide a one-stop service to householders’, in line with the previous findings of 
Haines and Mitchell (2014). 
The post-refurbishment measured and modelled data differed by between -67% to 
+75%. The differences may be due to inaccuracies in the model inputs, particularly 
where heating systems were old or intermittently faulty, variation in the modelled 
   247 
 
hot water use, boiler efficiencies, proportion of secondary heating and window 
opening behaviour. The qualitative data was essential in finding out about the 
usability of heating systems and information on heating behaviour. In future studies 
it would be advisable to collect more frequent gas meter data, in addition to 
electricity meter readings. It would be ideal to disaggregate the gas used for 
cooking, hot water and space heating individually and monitor the gas use over a 
longer period pre and post-refurbishment, alongside air temperature 
measurements. This work in collaboration with further studies on the sensitivities of 
SAP algorithms this may lead to results of increased accuracy. Overall, the modelled 
data enabled the triangulation of qualitative findings on energy demand changes, in 
addition to longitudinal estimates of the outcome of the energy efficiency 
refurbishment in terms of energy demand. 
Only two households were due to ‘payback’ their energy efficiency installations 
within the life of the measure, through savings on their energy bills against the cost 
of the measure itself, according to modelled results. This reinforces that future 
energy efficiency schemes which aim to encourage energy efficiency changes in line 
with the 2050 target whilst ensuring comfortable indoor conditions to be 
maintained, need incentives beyond borrowing up to the value which allows 
‘payback’. None of the householders’ went through the Green Deal scheme which 
was launched just before the study began, but three applied for ECO funding. 
Within the present study, most householders’ did not know how much energy they 
would save, through adding energy efficiency refurbishment measures, or whether 
they would payback but they went ahead anyway. In a categorising survey carried 
out they were found to have pro-environmental attitudes, more so than found by 
participants in a previous study. Despite their determination, the processes of 
carrying out measures with a specific aim of saving energy such as external wall 
insulation or a whole-house refurbishment with air leakage sealing were highly 
disruptive and very stressful. Installers’ were found to lack appropriate skills and 
policy support was disappointing. The recommendations are tailored for installers’ 
and policy makers with an urgent need to upskill the market, create a consistent 
policy providing incentives for both householders’ and installers’, use energy 
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efficiency refurbishment as an opportunity to address challenges the construction 
industry has faced previously such as a lack of customer service, poor conduct and 
uncertain levels of workmanship and create a new wave of installers’ who 
understand the science behind the work they do. These recommendations are 
considered to be essential to meet the 2050 target for 80% CO2 emission reductions, 
from 1990 levels. 
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 Temperature and relative humidity sensor specifications (Onset, 2016) 
 Air temperature Relative humidity 
 
Measurement 
range 
-20oC to 70oC -20oC to 70oC 25% to 95% RH 
Accuracy + 0.53oC from 0oC to 50oC + 0.53oC from 0oC to 50oC ± 3.5% from 25% to 85% over 
the range of 15° to 45°C; ± 5% 
from 25% to 95% over the 
range of 5° to 55°C  
Response time 
(at airflow of 2 
m/s) 
10 minutes 10 minutes 6 minutes 
Resolution 0.14oC at 25oC 0.14oC at 25oC 0.07% @ 25°C and 30% RH 
Time accuracy + 1 minute  per month at 25oC + 1 minute  per month at 25oC + 1 minute  per month at 25oC 
Memory 64K bytes (52K of readings) 64K bytes (52K of readings) 64K bytes (52K of readings) 
Battery life 1 year (typical use) 1 year (typical use) 1 year (typical use) 
Materials Polypropylene case; stainless 
steel screws; Buna-N o-ring 
Not available (now discontinued 
product) 
Not available (now 
discontinued product) 
Weight 18g 26g 26g 
Dimensions 58 x 33 x 23mm 45 x 60 x 20mm 45 x 60 x 20mm 
Compliance CE marking on each identifies compliance with relevant EU directives 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix 2: Data collection periods 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Full detail of air temperature data collection 
  Dates 
from 
Time Dates to Time Interval Readings missing 
days 
missing dates 
H1 25/03/13 19:00 29/04/13 18:00 15 3357     
  29/04/13 20:30 03/07/13 21:00 15 6245 0   
  08/07/13 19:15 07/11/13 13:00 30 5843 5 03/07/13- 08/07/13 
  07/11/13 14:00 07/03/14 16:30 30 5768 0   
  07/03/14 17:30 15/05/14 11:00 30 3301 0   
                  
H2 26/03/13 19:00 29/04/13 16:15 15 3254     
  29/04/13 17:45 03/07/13 18:45 15 6245 0   
  04/07/13 12:00 08/11/13 11:00 30 6095 1 03/07/13 - 04/07/13 
  08/11/13 12:00 15/05/14 10:46 30 3455 0   
                  
H3 28/03/13 19:00 01/06/13 20:45 15 6248 0   
  31/01/14 15:00 28/02/14 15:30 30 1346 244 01/06/13-31/01/14 
                 
H4 04/04/13 19:00 07/05/13 11:00 15 3137     
  07/05/13 23:15 08/07/13 16:15 15 5925 0   
  17/07/13 12:00 03/10/13 11:00 30 3743 9   
  03/10/13 12:00 10/01/14 15:00 30 4759 0   
  10/01/14 15:30 20/05/14 17:00 30 6245 0   
  11/10/14 12:30 29/10/14 15:00 30 871 144 20/05/14-11/10/14 
                  
H5 12/04/13 12:00 13/06/13 10:45 15 5948     
  14/06/13 19:00 27/08/13 16:00 30 3547 1 13/06/13-14/06/13 
  27/08/13 17:00 04/01/14 19:00 30 6245 0   
  30/01/14 19:00 07/04/14 08:30 30 3196 26 04/01/14-30/01/14 
                  
H6 08/04/13 19:00 03/07/13 18:45 15 6245     
  04/07/13 12:00 08/11/13 11:00 30 6095 1 03/07/13-04/07/13 
  08/11/13 12:00 15/05/14 10:46 30 3455 0   
                  
H7 12/04/13 19:00 16/06/13 20:00 15 6245     
  12/09/13 19:00 17/01/14 19:00 30 6097 88 16/06/13-12/09/13 
  17/01/14 19:30 01/05/14 13:00 30 4981 0   
                 
H8 17/04/13 19:00 14/06/13 18:45 15 5568     
  14/06/13 19:00 15/10/13 18:30 30 5904 0   
  15/10/13 19:00 22/02/14 21:00 30 6245 0   
  06/03/14 19:00 14/07/14 21:00 30 6245 12 22/02/14-06/03/14 
                  
H9 22/04/13 19:00 13/06/13 15:15 15 4978     
  14/06/13 19:00 19/09/13 11:30 30 4642 1 13/06/13-14/06/13 
  19/09/13 13:00 27/01/14 15:00 30 6245 0   
  30/01/14 19:00 09/06/14 21:00 30 6245 3 27/01/14-30/01/14 
                  
H10 01/07/13 12:00 08/11/13 14:00 30 6245     
  18/03/14 12:00 15/05/14 10:30 30 2782 130 08/11/13-18/03/14 
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Energy efficiency refurbishment in UK owner-occupied dwellings:  
The occupant’s perspective  
Participant Information Sheet 
 
Kate Simpson, PhD student Loughborough University [contact details] 
Dr Victoria Haines, primary supervisor and Head of the User Centred Design Research 
Group [contact details] 
Dr David Allinson, second supervisor and senior research associate within the Civil and 
Building Engineering Department [contact details] 
 
What is the purpose of the study? 
 
The aim of this project is to identify the factors which influence the success of an energy 
efficiency refurbishment such as a new heating system, wall or loft insulation, new 
windows or draft proofing, from the householder’s perspective. It is hoped that this 
information can be used to improve future refurbishments.  
 
Who is doing this research and why? 
 
Kate Simpson is conducting the research as part of her PhD which is supervised by 
Victoria Haines and David Allinson. This study is part if a student research project based at 
Loughborough University funded by the EPSRC within the London-Loughborough Centre 
for Doctoral Research. 
 
Are there any exclusion criteria? 
Anyone can take part if they own their own home and are planning an energy efficiency 
refurbishment in the next six months, such as: 
• A new boiler or full heating system 
• Internal or external wall insulation 
• Loft insulation 
• New glazing in at least two rooms 
• A front porch or conservatory which aims to reduce heat loss 
 
Once I take part, can I change my mind? 
 
Yes. After you have read this information and asked any questions you may have we will 
ask you to complete an Informed Consent Form, however if at any time, before, during or 
after the sessions you wish to withdraw from the study please just contact the main 
investigator.  You can withdraw at any time, for any reason and you will not be asked to 
explain your reasons for withdrawing. 
 
What will I be asked to do? 
Two researchers will visit you in your home at a time and date to suit you. There will be a 
total of three visits, as follows: 
• Before your refurbishment work: The first session will include an interview with you, 
taking up to an hour, followed by an energy assessment of your home, which 
includes measured floor areas and windows. We will also set up some small 
monitors in various rooms to measure the room temperature and humidity in your 
home. With your permission, we will leave these in your home for a few weeks 
before your refurbishment takes place. This visit should last no longer than 2.5 
hours. 
• During your refurbishment work: we will visit you very shortly after the refurbishment 
work, to carry out another interview with you. This will be held after the contractors 
leave the property. The visit should not last longer than one hour. 
• Once all the refurbishment work is finished, we will visit you again. This final visit 
will be very similar to the first. The interview length will be within one hour, energy 
assessment up to sixty minutes and collecting the sensors and diary up to ten 
minutes. This visit should last no longer than 2.5 hours. 
 
The interviews we carry out will be audio recorded. I also hope to take photographs of the 
installation work before, during and after. The photograph will be anonymous and should 
not contain any member of the household. 
 
 
Is there anything I need to do before the sessions? 
 
No. However, if you do keep a record of your energy bills these will be quite useful for the 
researcher to see on the first visit. 
 
What personal information will be required from me? 
 
Information on your household members and energy consumption. 
 
Are their any risks in participating? 
 
No. 
 
Will my taking part in this study be kept confidential? 
 
Yes. The data collected will be stored in an anonymous format so that individual 
participants are not identifiable. The interview sheets completed during my visit will be 
stored using a code so there will be no connection to your name or address. The codes 
will be held in a spreadsheet alongside your name and this will be stored on university 
property in a locked cabinet to which only my supervisors and I will have access. I will 
keep the paper interview sheets within a locked drawer for the duration of my PhD which is 
due to finish in November 2014.The interviews will be audio recorded for my personal 
reference when writing up. The recordings will be stored on a university laptop with a 
security password. Once the PhD is complete the files will be deleted the files will be 
deleted and any papers shredded once the PhD is complete. 
 
What will happen to the results of the study? 
 
The anonymous results will be reported in my thesis as well as in academic papers. No 
individual will be identifiable. 
 
 
 
 
What do I get for participating? 
 
You will receive the information about your own home, including an energy assessment 
and free advice on how you could reduce your energy consumption at the end of the 
study. 
 
I have some more questions who should I contact? 
 
Kate Simpson using the contact details at the top of the first page. 
 
What if I am not happy with how the research was conducted? 
 
The University has a policy relating to Research Misconduct and Whistle Blowing which is 
available online at http://www.lboro.ac.uk/admin/committees/ethical/Whistleblowing(2).htm.  
Please ensure that this link is included on the Participant Information Sheet. 
 
 
 
Energy efficiency refurbishment in UK owner-occupied dwellings: 
The occupant’s perspective 
 
INFORMED CONSENT FORM  
(to be completed after Participant Information Sheet has been read) 
 
 
The purpose and details of this study have been explained to me.  I 
understand that this study is designed to further scientific knowledge and that 
all procedures have been approved by the Loughborough University Ethical 
Approvals (Human Participants) Sub-Committee. 
 
I have read and understood the information sheet and this consent form. 
 
I have had an opportunity to ask questions about my participation. 
 
I understand that I am under no obligation to take part in the study. 
 
I understand that I have the right to withdraw from this study at any stage for 
any reason, and that I will not be required to explain my reasons for 
withdrawing. 
 
I understand that all the information I provide will be treated in strict 
confidence and will be kept anonymous and confidential to the researchers 
unless (under the statutory obligations of the agencies which the researchers 
are working with), it is judged that confidentiality will have to be breached for 
the safety of the participant or others.  
 
 
I agree to participate in this study. 
 
 
 
                    Your name 
 
 
 
              Your signature 
 
 
 
Signature of investigator 
 
 
 
                               Date 
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Appendix 6: Phase 1 interview script 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
Property code: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
Introduction 
Hello, 
Thanks for agreeing to take part in this study. I will begin by briefly explaining what I 
intend to do. I want to make sure you are happy with this and I can answer any 
questions you might have.  
I hope to carry out three interviews in your home, this being the first. The second will 
be during your home improvement and the third following the work. In between these 
visits I hope to leave some sensors in your home to monitor the internal environment. 
These will record the air temperature and relative humidity. During today’s visit and 
the final visit I will carry out an energy assessment of your home which will provide 
an idea of the impact of your improvement on the internal environment and energy 
performance. At the end of the interview I would like to walk around your house with 
you to ask you a few questions about your heating system. I will then need to record 
the floor areas, window and door openings and light fittings. Finally I would like to 
take photographs of the outside of your house and the work being done, if you 
are happy for me to do so. These will be the only images I need and should not 
include you or other family members. 
You have a right to withdraw from this study at any point but if you withdraw once I 
have added your anonymous data to the study it may not be possible to remove this 
data. Any questions? Are you happy you understand the purpose of the study? Are 
you ok to carry on today? 
 
Obtain signed consent at this point. 
Collect and photograph energy bills either now or at end of interview. 
 
Task Done 
Interview  
Measured survey  
Sensors  
Photographs front and back  
Meter readings  
 
 
 
   
General house information 
I would like to start by asking you some details about your house and who lives here 
and then I will move on to the work you have planned.  
1. Do you know when the house was built? (taken from EHS – in line with 
building regs) 
Dwelling age: 
 
A B C D E F G H I J K 
pre 
1900 
1900-
1929 
1930-
1949 
1950-
1966 
1967-
1975 
1976-
1982 
1983-
1990 
1991-
1995 
1996-
2002 
2003-
2006 
2007 
onwards 
     
 
      
 
2. When did you buy the house? Did you move in straight away? 
3.  
Date  Bought Moved in 
Year   
 
 
Person (A, B etc) Relationship to 
interviewee 
Age length of time 
here 
    
    
    
    
    
Notes…. 
 
 
 
 
4. When are people usually in? probe for details…(fill in numbers) 
Time Days Mon Tue Wed Thu Fri Sat Sun 
Overnight        
Morning        
Lunchtime        
Evening        
Comments: 
 
 
 
 
 
 
 
   
 
Energy use 
I’m now going to ask you some questions about the way you heat your home. 
5. Do you have central heating? 
Yes  No  Not yet  Not in working order  
Notes: 
 
 
 
 
6. If yes, what fuel does the boiler use? 
Gas  Oil  Electricity  Solid  
Notes: 
 
 
 
 
7. Is it a combination boiler which heats up water when you turn on a tap? 
Yes  No  Unsure    
Notes: 
 
 
 
 
8. If not, do you have a separate hot water tank? 
Yes  No  Unsure    
 
 
 
 
9. What do you do to control your heating? 
No time or thermostatic control of temperature  
Programmer, no room thermostat  
Room thermostat only  
Programmer and room thermostat  
Programmer and at least two room thermostats  
programmer, room thermostats and TRVs  
TRVs and bypass  
programmer, TRVs ad bypass  
Programmer TRVs and flow switch  
Programmer, TRVs and boiler energy manager  
Time and temperature zone control  
   
Notes: 
 
 
 
 
 
 
10. When is your heating usually on? 
Time Days Mon Tue Wed Thu Fri Sat Sun 
Overnight        
Morning        
Lunchtime        
Evening        
Night-time        
        
 
11. What temperature is your thermostat usually set? (oC) 
15 16 17 18 19 20 21 22 23 24 25 26 27 
Other: 
 
 
 
 
 
12. Do you or other people in your house ever change the temperature 
settings? 
Yes No Sometimes Unsure 
Comments: 
 
 
 
 
 
 
13. If yes, why? 
Too 
cold 
Too 
warm 
Saving 
fuel 
To dry 
clothes 
as the weather 
changes 
varying thermal 
comfort levels 
Notes: 
 
 
 
 
 
 
   
 
14. Do you use every radiator? 
Yes  No  Sometimes  unsure  
15. If no: Which rooms are not on? Dining room Utility WC 
Spare 
bedrooms: 
Attic 
conversion: 
Other: 
16. Are these rooms used? Yes No Sometimes 
Notes: 
 
 
 
 
17. How do you control the radiators? 
TRVs  on/off  Other  unsure  
 
18. Do you find the current system easy to use? 
Yes  No  Sometimes  unsure  
Notes: 
 
 
 
19. Do you have any other ways of heating the home? (circle all that apply) 
No Make and model 
Gas fire  
 
 
Oil room heater  
 
 
solid fuel room heater  
 
 
 
Electric  
 
 
 
Other/notes: 
 
 
   
 
 
 
 
 
 
20. When do you usually use the additional heater? 
Time Days Mon Tue Wed Thu Fri Sat Sun 
Overnight        
Morning        
Lunchtime        
Evening        
Night-time        
Just when 
it’s cold 
Winter 
weekends 
If we 
have 
guests 
Special 
occasions 
Instead 
of 
heating 
 
Notes: 
 
 
Moving on to discuss the work you have planned for the house… 
21. Do you know what is going to be 
installed/fitted? 
Measure Yes Maybe 
Insulation   
Windows   
Boiler   
Radiators   
Draught stripping   
Other:   
 
Insulation 
Type 
Thickness Material Adhesive 
method 
Which 
walls? 
Area 
needed 
Cavity wall      
External wall      
Internal wall      
Roof      
Floor      
Other      
 
 
   
Window Type Thickness Frame Opening Rooms Aprox area  
Double glazed  PVC Side 
casement 
  
Triple glazed  Timber Sliding 
sash 
  
Argon filled  Metal    
 
Draft stripping Thickness Windows Doors Rooms Aprox 
perimeter 
Rubber      
Brush      
Foam      
Other      
 
New boiler 
type 
Brand Radiators Rooms   
Condensing      
Combination      
Gas      
Oil      
Other system      
 
22. How long have you been thinking about this? 
Under 1 month  
1-3 months  
3-6 months  
6-9 moths  
9-12 months  
1-2 years  
2-3 years  
3+ years  
Other  
 
23. Why has it taken this length of time to make the decision? 
Cost Time Uncertainty Change in 
circumstance 
Disagreements Lack of 
information 
Notes: 
 
 
 
 
 
 
   
24. Who made the final decision? 
Notes: 
 
 
 
 
 
25. When do you think the work will start? 
Within: 1 
month 
 
1-3 months  
3-6 months  
6-9 moths  
9-12 months  
1-2 years  
Other  
 
26. And how long do you think it should take? 
1 hour  
2-3 hours  
½ day  
1 day  
1-3 days  
3-7 days  
7-10 days  
10-14 days  
14-21 days  
21+ days  
Other  
 
27. Do you feel you have enough information on the measure? 
Yes  No  Uncertain  
Notes: 
 
 
 
28. Was information easy to find? 
Yes  No  Uncertain  
Notes: 
 
 
 
 
29. Where did you receive most information from? (Steib – occasions and 
   
barriers) – explain which/where from 
Tradsemen/craftsmen Initial Detailed 
Heating installer   
family and/or relatives   
Building centre/home-improvement 
market 
  
Internet (which site)   
Leaflets, guidebooks and literature   
Chimney sweeper   
Journals/periodicals/newspapers   
Manufacturer   
Architect   
Energy advisors   
Energy advice centre   
Energy saving workshop   
Consumer advice centre   
Local authority   
Other/further info 
 
 
 
  
 
30. Why did you choose the installation you have chosen? 
Embellish the home  
Save heating energy  
Reduce energy costs  
create a better/more comfortable indoor 
environment 
 
Maintain the homes value  
Increase the homes value  
Install up-to-date technology  
Make a contribution to climate protection  
Become less dependent on fossil fuels  
Perform necessary maintenance  
Replace a defect or broken building 
component 
 
Respond quickly to a problem or defect  
Remedy a structural defect  
Create more living space in the house  
Utility provider  
Notes: 
 
 
 
 
 
 
   
31. Have you considered other options? 
Yes  
No  
What 
 
 
 
 
 
 
32. How are you feeling about the installation overall? 
 
 
 
 
 
33. Have you carried out home improvements previously? 
No  
If yes, 
outline: 
 
 
 
 
 
 
 
 
Installation expectations, dates and timescales 
34. Do you have the date of fitting confirmed yet? 
No  
Yes, when?  
 
 
35. Do you know what you expect the installation process to be? 
No  
Yes, 
sequence of 
works: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
36. How many installation companies are involved? 
Companies 1 2 3 4 5  
Installers       
1       
2       
3       
4       
5       
Can I ask the names of these companies? 
 
 
 
 
Notes: 
 
 
 
  
37. Why did you choose this installer? 
Recomm-
ended 
Has done 
work here 
before 
Is a 
friend 
Cheape
st quote 
Seemed 
most 
trustworthy 
Certified Lack of 
time to 
search for 
alternative
s 
Special 
offer 
Notes: 
 
 
 
38. Are you anticipating any changes to your normal routine during the 
work? 
No  
Yes, what? 
 
 
Probe for moving out… 
 
 
 
 
 
 
 
39. What about after the work? 
No  
Yes, what? 
 
 
 
 
 
 
 
 
 
   
 
40. Do you need to be here during the work? 
No  
Yes, why? 
 
 
 
(probe for motivation: security, quality and safety) 
 
 
 
 
 
 
41. What will you do? 
Notes: 
 
 
 
 
 
42. Do you expect to have anything extra to do following the work? 
Not sure  
Notes: 
 
 
 
 
 
Anticipated costs 
I’m now going to ask a few questions about your expected costs and funding for this.  
43. What do you expect this work to cost in total? 
0-100  
1-250  
250-500  
500-750  
750-1000  
1-2000  
2-3000  
3-4000  
4-5000  
5-1000  
10-15000  
15-20000  
20-25000  
25-30000  
30000+  
   
Fixed Variable 
Notes: 
 
 
 
 
44. Do you know how this cost is broken down? 
 
 
 
 
 
 
 
45.  Any additional costs? 
No 
Yes, notes: 
 
 
 
 
46. Has the installer been here to go through this? 
No 
Yes, details: 
 
 
 
47.  What was involved? 
Notes: 
 
 
 
48.  Will you/have you receive/d any more quotes? 
No 
Yes, details: 
 
 
 
 
 
 
   
49.  Will you have any type of survey as part of the work? 
No 
Yes, details: 
(energy, structural, measured etc) 
 
 
 
 
50.  Do you mind me asking how you plan to fund this? 
Privately Loan Green Deal Re-mortgage Private borrowing 
Notes: 
 
 
 
51.  Do you think this measure will save you money in the long term? 
No Yes 
 
52.  If yes any idea what these savings will be? 
No            per month              per year         over 10 yrs            over 20 yrs 
Notes: 
 
 
 
 
53.  How would you rate the energy performance of your home?  
Excellent Good Reasonable Poor 
Notes: 
 
 
54. Do you know the energy rating of your home?  
A B C D E F G 
Notes: 
 
 
 
 
 
 
 
   
Internal environment 
55.  Please can you rank the following cue cards on internal conditions in 
order of importance to you within the home (inspired by Survey on IEQ 
Frontczal and Wargocki): 
Condition Ranking 
Air quality  
Temperature/thermal comfort  
Acoustics/acoustic comfort  
Aesthetics  
 
56.  Do you think any of these factors are a particular issue in your home? 
Condition  
Air quality  
 
Temperature/thermal comfort  
 
Acoustics/acoustic comfort  
 
Aesthetics  
 
 
Perhaps now, you can help me in sketching floor plan of your house so that 
we can add notes as we go through the next set of questions… 
57. Using this scale (flashcard) how would you say the overall home 
temperature is usually? (PMV scale) 
+3 hot +2 warm +1 neutral 0 neutral -1 slightly cool -2 cool -3 cold 
Mark on any particular warm or cold rooms 
 
 
58.  Could you tell me which rooms are the warmest? 
Notes: 
 
 
59. Thinking back to the coldest spell in winter, how did you maintain 
comfort? 
Turn the 
heating 
up 
Thermostat 
temp up 
Extra 
heat 
source 
clothing warm 
drinks 
hot water 
bottle 
changing 
routine 
Notes: 
 
 
 
 
   
 
60. How about the hottest spells of summer? 
windows 
open 
motor fan less clothing cold drinks move less hand fan 
Notes: 
 
 
 
 
61. How many layers do you typically wear indoors in the winter? 
 
 
 
 
62. Are the other occupants similar? 
 
 
 
 
 
63. How about the summer? 
 
 
 
 
64. Are the other occupants similar? 
 
 
 
 
65. Using this scale (flashcard) how would you say the overall air movement 
is in the house? (Scale: very high to very low) 
+3 vh +2 sh +1 h 0 neither 
h n l 
-1 quite low -2 l -3 vl 
Mark on any particular warm or cold rooms 
 
 
 
66. Could you mark on any particular cold or draught spots you know of? 
Notes: 
 
   
 
 
 
67. How do you get fresh air into the house? 
Windows trickle vents mechanical ventilation 
system 
extractor fans 
Notes: 
 
68. How often do you open 
the windows? 
 
 
 
 
 
69. Does this change in 
winter? 
 
 
 
 
 
70. And summer?  
 
 
 
 
71. Using this scale (flashcard) how would you say the overall air quality is 
in the house? (Scale: very bad to very excellent) 
+3 vb +2 sb +1 b 0 neither 
g n b 
-1 quite g -2 vg -3 e 
Mark on any particular spots of odour etc 
 
 
 
72. Do you ever have problems with condensation, damp or excess 
moisture? 
Condensation Rising damp  Penetrating damp Excess moisture 
If so, which room? (mark on sketch) 
 
73. Does this change in winter? 
 
 
 
74. And summer? 
 
 
 
   
75. Using this scale (flashcard) how would you say the overall lighting is in 
the house? (Scale: very bright to very dim) 
+3 vl +2 l +1 sl 0 neither 
b n d 
-1 sd -2 d -3 vd 
Mark on any particular dark areas 
 
 
 
 
 
76. Using this scale (flashcard) how would you say the overall comfort is in 
the house? (Scale: very bad to excellent) 
+3 vb +2 sb +1 b 0 neither 
b n g 
-1 sg -2 g -3 e 
Mark on any particular dark areas 
 
 
 
77. Do you have any final comments or questions on anything we have 
talked about? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
Energy Data 
Boiler model:  
 
 
 
Gas and electricity costs 
Gas Electricity  
monthly quarterly pre-payment monthly quarterly pre-payment 
      
Notes: 
 
 
Unit prices 
Gas  Electricity  
Notes: 
 
 
Set up sensors 
 Temp pendant 
ID number 
RH sensor ID CO2 sensor ID 
House    
Kitchen    
Living room    
Dining room    
Hallway     
WC    
Bedroom 1    
Bedroom 2    
Bedroom 3    
Bedroom 4    
Bathroom    
Hallway    
 
Thank you for your time today. Explain what next. 
Appendix 7: Example of a transcript 
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Project: PhD Research 
 
Code:  F1 
  
Date:   
 
Interviewer: Kate Simpson 
 
Transcriber: [transcribers name and email address] 
 
Length of interview: 1 hour and 40 minutes 
 
 
Right, so the first section is on general house information, when it was built and that type of 
thing. 
 
Right, yeah. 
 
And then we go on to energy consumption and then it goes on to discussing the work that 
you’ve got planned for the house. 
 
OK. 
 
And finally we talk about the internal environments of the house as well. 
 
Yeah. 
 
And then I’ll make all the measurements afterwards.  So the first question is do you know 
when the house was built? 
 
1925 I think. 
 
1925, OK. 
 
I might be wrong by a year or two because there doesn’t seem to be an exact date but yeah, not far 
out. 
 
That’s fine.  And when did you buy the house? 
 
Eight years ago. 
 
Eight years ago, so that’s 2003, 4, 5 … 2005 isn’t it?! 
 
It might have been autumn 2004. 
 
And did you move in straight away? 
 
Yes. 
 
And can I ask who lives here? 
 
Me and [partner] 
 
I’ll call you A and [partner] B! (laughs) 
 
OK!   
 
And she’s your partner? 
 
That’s right. 
2 
 
 
Can I ask your ages? 
 
Mm, that’s a good question, you start forgetting after a while!  46 and 44. 
 
You’re 46? 
 
Yes. 
 
[B’s] 44, thank you.  And this question’s quite difficult because it does change each week but 
when are people usually in the house, if, I mean have a checklist(?01.39) ?? 
 
I’m usually in all the time but I, yeah, obviously I’m out for bits of work and shopping and trips and 
things like that but generally all the time.  And [B] is generally here evenings and weekends. 
 
Right, so moving on to the energy use, you’ve got the wood burning stove, do you have any 
other method of heating? 
 
There’s an electric radiator in the bedroom, a tiny bit of top-up. 
 
OK, and the wood burner stove, that only burns wood! (laughs) 
 
It does, yes, yeah, it could, but you’re right, it’s a solid fuel burner so it could burn coal but we 
wouldn’t, we don’t. 
 
And how much wood do you … you say you know roughly how much you collect? 
 
Between 1 ½ and 2 tons a year, which sounds like a horrendous amount but … 
 
I really don’t know how that measures up because I’ve not had a wood burner, so …! 
 
Well if you could get perfectly dry wood and burn it at 100% efficiency, which obviously you can’t, you 
would get 5,500 kilowatt hours a ton. 
 
Wow, OK. 
 
But you’re always going to fall way below that.  If you can get, if you have a wood burning boiler like 
[architect]l does, who you might be visiting his house, you can possibly get up towards 90% efficiency, 
sort of gas condensing boiler type efficiencies.  With a wood burning stove, you’re going to struggle to 
get over about 70. 
 
It’s great that you’ve done so much research and you know the stats!  OK! 
 
Well it’s just …! 
 
And what about heating water? 
 
Mm, heating water was meant to be coming and never did, so there’s some solar panels actually in 
the loft, ready to go on the roof, solar thermal. 
 
Right, OK. 
 
So they’re purchased but not fitted, which will feed this thermal store.  But for the moment, all we have 
is the electric shower.  But we are very much sort of in survival mode here at the moment(!) rather 
than this is, was never intended to be the end point, it’s just the period at which we have got stuck has 
grown exponentially. 
 
Can I ask you how long you’ve had the solar panels waiting to go on? 
 
Two years. 
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Two years, is that how long you’ve been without hot water? 
 
No, no the hot water went very early on when the original mechanical work was done.  So yeah, 
we’ve just had the electric shower for six years or something like that. 
 
And how would you wash up in the kitchen, would you boil water and things or …? 
 
Yeah, dishwasher now which … 
 
You’ve got a dishwasher, OK. 
 
But yes, other than that it’s just a kettle.  So yeah, it’s all very basic at the moment.  But what was 
here before was not really salvageable because it was a back boiler on the old gas fire, so very, very 
inefficient boiler, which actually had to be removed because the chimney which it sat in is now where 
the wood burning stove is, so the whole chimney came down.  So there was no salvaging that. 
 
And you say that you just turn the wood burning stove on when the temperature drops, is 
there any regular pattern to that? 
 
No, it’s a very, I mean it’s a very cold house because it’s poorly insulated so if, until you get well into 
the warmer months you are going to be lighting it.  But it does, it varies in that at the moment when 
the weather’s like this, I will light it in the morning, normally for two or three hours, and then in the 
evening for three or four hours.  Today, because you were coming I actually, and it was very windy 
and cold, I actually kept it burning till, well all but an hour ago, so that was on for a lot longer today. 
 
So if people come and visit, you maybe have a separate … 
 
Yeah. 
 
OK, do you have any idea what temperature the room gets to?  Do you have any …? 
 
It’s probably about 21 in here at the moment.  And if the weather’s mild, you have very little 
controllability with a stove like that, it’s probably chucking out sort of 4 to 7 kilowatts all the time and 
so if it is mild, it will very rapidly get almost too hot in here.  I mean it is one of the problems with 
primitive technology really, in that you lack controllability. 
 
Yeah, and if it gets too hot, what would you usually do? 
 
You’d just have to stop burning, which is OK because it retains heat for a bit and obviously everything 
around you retains heat too.  But no it is primitive and I guess we now, we know now, six, seven years 
down the line, quite what it entails to live with a wood burning stove that we didn’t when we bought it. 
 
Yeah, well it’s an experience isn’t it?! (laughs) 
 
It is, it is and it’s hard work.  And I think one of the conclusions you probably come to is that all that 
time and effort is probably best spent elsewhere, even if it’s spent elsewhere on the house and you 
know improving the fabric of the house or doing other things. 
 
Do you think you receive other benefits though that compensate that hard work? 
 
I think you do, I mean it’s, as you were saying earlier, there’s, you’re very in touch with the energy that 
you use because you, well quite literally in touch with it … 
 
Yeah! 
 
… you have to handle it.  And if you are preparing your own firewood, there is that old maxim that it 
sort of hits you three times, once you cut it, once when you … 
 
That’s true. 
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Or many times, you know, when you cut it, when you split it, when you stack it, when you carry it and 
then when you finally burn it! (laughs)  But it’s a huge amount of work and it’s not something, at least 
this type of stove is not something that you can just walk away from.  I think the batch burning types of 
stoves are probably much more convenient, in that you put a whole charge of wood in, maybe five, 
even up to ten kilos of wood, you light it, it burns at maximum speed and very, very hot, you know, up 
to 1000 degrees C, so it burns very cleanly and you then have some sort of mass, like a masonry 
shell, which retains the heat and then gradually gives it of over 12, 15, even 24 hours in some cases. 
 
OK, where do you get the wood from for the burner? 
 
I’ve moved … I used to get it locally, the problem being is that you can’t buy good firewood in this 
country very easily because we just don’t have a tradition of it, whereas if you were in an Austria or a 
Switzerland, you could specify the type of wood, the length, the moisture content and that’s what you 
would get.  Nothing like that exists in this country. 
 
No, OK. 
 
So I scavenge for spare wood, so for example, all my neighbours don’t do tip … runs to the tip to get 
rid of timber, it all comes to here … 
 
Yeah, they all bring it here! 
 
Although you can only burn clean wood, you can burn painted, treated, varnished, anything like that.  
But the heavy lifting if you like is done by briquettes now, which I’ve been doing for the last three or 
four years … 
 
Aah. 
 
So this is a … I’ve never had this sort before and I thought I wasn’t going to have to buy any more this 
year but it’s been so cold, I’ve just bought another ton and shared it with various people. 
 
OK, great, maybe I can photograph that as well before I leave!   
 
Yes of course, you can even take one with you!  You won’t want to …! 
 
(laughs) 
 
Anyway, all these briquette type products are basically a jumbo version of wood pellets, so they’re 
compressed sawdust or compressed wood chips, so it’s generally a waste product from saw mills.  
And then it’s pushed through a die at very, very high pressures and the lignins melt a bit and then re-
set and that’s what sort of glues it together. 
 
Ah, yeah, it’s much better for transport isn’t it? 
 
Yes, and the great … 
 
Storage … 
 
… thing about it is it comes on a pallet and they can wheel the pallet all the way down the footpath 
here … 
 
Yeah, that’s convenient. 
 
… and so I’ve got a lot less work.  And they’re very dry, you know, they’re about 8% moisture, which 
you could never get a log to. 
 
No. 
 
Unless you baked it in an oven, you could never, you’d probably get down to just below 20% for logs. 
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And where do you store the wood?  You’ve obviously got a small supply in the living room and 
then … 
 
I’ve got a big store at the bottom of the garden and I can … 
 
Maybe I could photograph that as well before I leave, yeah, that would be good. 
 
Yeah, sure, and I can store a couple of tons, so … a winter’s worth. 
 
Another question is where do you dry clothes in the house? 
 
On the line and then just a little bit inside, just to finish them off.  Which is not actually as much of a 
problem as it would be in a normal house, let’s say(!) because the stove is very drying, so actually 
adding a little bit of moisture to the air is not a problem. 
 
Yeah, it’s fine, OK. 
 
Yeah.   
 
It’s really interesting.  This whole questionnaire is designed for sort of standard heating 
systems, I’m going around the boxes a little bit here! 
 
(laughs)  Well it’s a good job lots of people don’t live like this, believe me! (laughs) 
 
Yeah, well there’s a lot to learn from this I think. 
 
Mm, and actually that’s a really worthwhile point, in that we have learnt and we would do things so 
differently now, which is hopefully useful for your sort of work.  Because if we are going to renovate 
lots of houses, it’s essential we take good decisions early on and I do feel, we both feel now, we didn’t 
take great decisions, so … 
 
Well that’s a really interesting point actually.  Maybe as we go on, you can keep some of the 
decisions in mind and if they don’t come about in the interview, you can highlight them at the 
end as well, that would be useful. 
 
OK, sure. 
 
Do you miss having radiators?  I presume that in an older(?13.15) house that you lived in, you 
had radiators and it would be … 
 
Mm … Yes, I mean I miss it less than [B], in that she is … I’m much less professional, let’s say(!) than 
her, and I’ve always lived a bit of a rough and ready lifestyle!  And so I’m used to … I’m just used to 
less convenience if you like.  Whereas she’s in a very demanding professional job, with, works 
ridiculous numbers of hours per week and couldn’t possibly run the house in the way that we do 
unless I was here a lot of the time doing it.  So yes, it’s not really viable with most people’s lifestyles. 
 
OK, would you say that you use all the rooms in the house?! (laughs) 
 
Yes, but when we had the structural work done, which was done quite early on, we opened up the 
loft, but because the insulation didn’t happen, that’s just used as a … I use it as a workroom and it’s 
used as storage, so we don’t actually use the loft, even though that will be a room when the house is 
completed, so it’s a … yeah. 
 
Yeah, OK.  And you use an electric heater in the bedroom sometimes? 
 
Yes. 
 
How often do you use the electric heater in the bedroom? 
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When it’s this cold, twice a day, just for an hour in the morning, an hour in the evening and if [B]’s 
working here at the weekend, then sometimes it might occasionally be on all day. 
 
And overall, you’ve outlined some of the disadvantages of having just a wood burner, but do 
you find it quite an easy system?!  Would you say easy or …?! 
 
I mean it’s not … 
 
Once you get into the swing. 
 
It’s not complicated but it’s hard work. 
 
Yeah OK.   
 
It would be very interesting if you also did this interview with [B] because she would have very 
different takes on things … 
 
OK. 
 
But anyway you probably won’t get, she’s so busy at the moment, you probably won’t get to speak to 
her very easily!  But she’s really struggled, partly because it’s very cold here in the winter. 
 
Mm, OK. 
 
Yeah, so you know it’s been a real challenge. 
 
Well maybe we can keep that in mind, I mean towards the end we’ll talk a little bit about 
thermal comfort and you could add your definite preferences and then maybe give an idea of 
what she may say.  I don’t know exactly how I could use that if it’s not her opinion … 
 
No, no but anyway it’s … 
 
But just anecdotally, maybe I could add a comment at the end.  OK.  Right, so the next section 
is talking about the work that you’ve got planned for the house. 
 
OK. 
 
So what are the key changes that you’re hoping to make (laughs) in the next … 
 
So originally, the plans that [architect]l drew up were for external wall insulation. 
 
OK, external wall … yeah. 
 
Insulating the slope of the roof.  But to very high levels, sort of super insulation … 
 
And that’s within, just beneath the roof tiles? 
 
Yes, on the rafters, so that the space is useable in the roof space.  Solar thermal.  And insulating the 
existing suspended floors, and this is the big change that really is coming because it’s almost 
impossible to any high degree, insulate the floors.  There is a crawl space under here. 
 
Do you know how deep that is? 
 
Yes, it’s about 750, so you can get access but you can’t even kneel upright, let alone stand upright.  
And I have actually done the bathroom, so the bathroom is a suspen … a new suspended floor, which 
is insulated.  But on the basis of that it became pretty clear that it wasn’t really a viable solution if you 
wanted a high level of insulation and air tightness.  So we’re going to replace it with solid floors … 
 
The whole …? 
 
7 
 
Yes. 
 
OK. 
 
The whole downstairs, and that’s the big change now as of six years ago.  Partly because … and also 
the floors are 90 years old and are in poor condition and obviously have been hacked about over the 
years, so … And we weren’t going to replace the windows because they’re only 12 years old but 
they’re already starting to go and … One of the other reasons that we didn’t make much progress with 
the external wall, well we didn’t get the external wall insulation done is because it’s absolutely a key 
point, the windows and the external wall insulation, and as far as I’m concerned, they’re almost a unit 
that has to go together and therefore because we realised reasonably early on that we didn’t really 
like the windows and they weren’t performing very well, that it would be very nice to replace them, but 
there’s no way you were going to replace them without doing the external wall insulation alongside, so 
that the two things come, in my mind, come together as a unit.  So we will replace the glazing as long 
as we can afford it. 
 
OK, I’ll come to a little bit more detail in … 
 
Oh sorry, just to keep adding to that list, so water … water efficient appliances, as things were being 
replaced.  So shower, taps, toilet … 
 
Yeah. 
 
That’s probably about what was on the original list. 
 
In [architect]l’s plans, has he left all of those plans with you? 
 
Yes. 
 
And are all these different measures highlighted? 
 
Yes. 
 
That’s really useful! (both laugh)  That’s great!  So how long overall have you been thinking 
about, obviously it’s lots of different things there, so some of them are quite recent decisions 
… 
 
Well, we bought the house with the idea that we would renovate it because not much work had been 
done since the 1970s.  So you know it was … it was an old fashioned, tired house. 
 
So the floor insulation and/in(?20.50) the solid floor, that’s quite recent isn’t it?  How long 
would you say you’ve been considering …? 
 
Mm … probably just about a year, when we really realised that what we needed to do was move out 
and get some of the big work done. 
 
And the external wall insulation and windows, would you say you’ve been considering those 
since you ?? 
 
The windows less … the external wall insulation was in the original plans, so that’s right from when 
we first bought the house and … but knowing, because it was a solid wall house, knowing that that 
was the way we would have to go right from the start.  The windows has been more recent probably, 
but we’ve been talking about wouldn’t it be nice if we could get the windows done as well, for three or 
four years. 
 
And … 
 
It’s very difficult because if you have environmental concerns, you look at UPVC double-glazing, 
which in a lot of houses would be great, it’s good quality and it doesn’t malfunction but … So it is, it’s 
a very difficult decision to, if you have environmental concerns, to think about getting rid of such new 
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windows.  But you know for example, [B]’s a fair bit shorter than me and she can’t actually open a lot 
of them, she can only open all the lower casements for example.  She can’t reach over, she can’t 
reach any of those over the kitchen for example because she just wouldn’t be able to reach over the 
sink.  So it doesn’t actually function that well, for her. 
 
What type of windows do you think you’ll replace these with? 
 
Hopefully triple-glazing, with an insulated frame.  But if that proves too expensive, then we’ll drop 
back to a much higher quality double-glazing. 
 
And will you take into consideration the openings and type … 
 
Exactly and we’ll do all of that at the same time, and when I show you the bedroom, we’ll look to make 
that much bigger and possibly even a French door type of window into the garden. 
 
So overall you’ve been considering some of the measures since you moved in? 
 
Yeah. 
 
The floor insulation for roughly a year.  Why do you think it’s taken this length of time to 
actually start or to carry on with the work? 
 
Mm … (both laugh) I mean it’s a really difficult, complicated question! 
 
Yeah! 
 
I mean I was hoping to do a lot of the work myself and I haven’t and there’s both sort of simple and 
difficult reasons for that, in that I’m not, I’m more of a thinker than a doer, is one of the sort of harsh 
truths, I don’t get on and do it. 
 
Mm, yeah, like most people probably! 
 
The principle thing is, is when you’re living in a small house and you have busy lives, it’s immensely 
disruptive to do anything and therefore it’s very easy to actually not do it because that’s always the 
simpler measure. 
 
OK, and what do you think it is about now that’s made you think, right this is the time for you 
to get on? 
 
Because I think we’re both just fed up with it not being in a very liveable state and … 
 
OK! 
 
But partly because we’ve done a lot of the deconstruction, it’s not as if we’re living in a comfortable 
house, so in some ways that pushes you towards solving that.  And as I say, we had come to the 
conclusion that we were going to move out for a period of months to get it done and because of the 
fact that we’re moving to a new job and a new house for a period of three years, the two coincide and 
hopefully that’s a happy coincidence. 
 
So would you say that the news of the job came before you made the final decision to do the 
work now or were you already thinking about moving out? 
 
We were already thinking of moving out, but again, a bit like the work (both laugh), it’s always an 
easier thing to talk about than actually get on and do isn’t it? 
 
Yeah, it’s all fitted together quite well hasn’t it? 
 
Yes! 
 
So when do you think the actual work will start? 
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Hopefully August. 
 
And do you know how long it should take? 
 
I’m hoping on three months.  Because the structural work is done, there’s, apart from enlarging the 
window in the bedroom, if we do do that, it’s insulation work and … oh there’s the floor of course is 
structural work and it’s plastering and electrics and things like that.  But it’s not major building, it’s not 
building new work. 
 
And do you feel you have enough information on the work that you’re having done to date? 
 
Yes, I mean partly because I’m interested in it and so I’m thinking about it a lot anyway.  And we’ve 
chosen to have the help of [architect]l Shelon, the architect. 
 
Yeah, OK, and I’ll come back to [architect]l actually soon but was the information and the 
research that you carried out previously, was that easy to find? 
 
I don’t think it is, partly because, I mean I don’t find it that easy and I am, I said to you earlier, I’m an 
engineer and I’ve always been interested in building, I’m a civil engineer and in low energy 
construction.  So I’m very much someone that’s plugged into that sort of world and I get some of the 
magazines and things like that.  But even so, it’s quite a struggle in this country, we just don’t have 
that critical mass, if you like, of green building expertise and products and that knowledge base. 
 
Right, OK, mm.   
 
I mean one of the big changes from when [architect]l and I were talking eight years ago, you know, 
even before we moved in, to now, is about airtightness.  I mean even in that time the understanding, 
even in the green building movement, has changed substantially about … 
 
That’s ??(27.41) about the time that I’ve become interested (laughs) and started researching! 
 
Yes, yes. 
 
And even in my period of research, I feel like there’s much more now than there was. 
 
Exactly, so the pace of change is quite large, partly because we’re just in a process of catch-up I 
think.  I think the basic change probably hasn’t been as fast on the continent, it’s just we started from 
a point decades behind in many ways! (laughs) 
 
OK!  So where do you think you did receive most of the information from? 
 
Mm … so personal interest would have to be one of them … 
 
Yeah, you said personal interest haven’t you. 
 
The architect.  [architect]l’s … [architect]l and Penny’s house is well known in Nottingham and 
nationally actually, and they are very generous in terms of giving tours.  And so I’ve seen around their 
house and I’ve been there on a number of occasions and so you can see various bits of work that 
they’ve done.  You mentioned Hockton earlier, I’d visited Hockton even before we lived in Nottingham, 
and so you get to know some of the more ambitious solutions out there. 
 
And what about the internet and … 
 
Yeah, I mean I do use the internet for research but it tends to be once a subject is sort of in mind, 
rather than bringing it to mind. 
 
Do you have any particular websites which you prefer and trust for research? 
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Oh that’s interesting … AECB I would say, if I had to pick on one body that I find both trustworthy and 
sort of true to good principles, I would always go back to them. 
 
And what about, you said sometimes you read magazines and things, which magazines? 
 
Green Building, as it is now. 
 
OK, yeah.   
 
And Permaculture Magazine, which quite often crosses over into building … building matters, yeah. 
 
Would you say you’ve received advice from anywhere else, other than the architect, research 
and …? 
 
That’s interesting … 
 
It’s difficult isn’t it(!) thinking how do I know this?!   
 
Yeah, exactly, if you’ve been … 
 
Where did it come from all these years ago?!  I mean, well personally I’m interested in what I 
research but I just go round absorbing things as I see them, I think ooh that’s interesting … 
 
Yeah, oh CAT, I mean I was the sort of person that visited CAT from you know in my 20s, so twenty 
years ago or more.  So that would have been an early inspiration for all sorts of things, you know, not 
just building but also growing and ways of life, yeah.  And then books that followed on from that … 
 
Are there any specific books that you …? 
 
Natural House Book was an early, I think that was published by CAT actually.  And the Vales, Roger 
and Brenda Vale, the Autonomous House Book, that’s been influential to me and lots of others.  
Those are the ones I pick on.  Oh the one from Findhorn actually, called Green Building is … John 
Todd I think his name might be. 
 
That’s great. 
 
It’s just here, it’s a great book if you’ve never come across it, it’s probably a little bit out of date now 
but it’s remarkable … 
 
Mm, yeah, I’m not sure I have heard of that one actually, I’ve heard of the other two. 
 
… really amazing for its time.  No, I’ll have to pick that one out for you another time. 
 
I could probably look it up for information, so …  OK, so you’ve already said that you’re quite 
environmentally aware, why would you say in particular you’ve chosen the measures that you 
have chosen?  If you could maybe prioritise reducing energy or creating a more comfortable 
environment or does it all go hand in hand? 
 
No, it’s mainly about resources for me.  So reducing energy in that, as I said to you earlier, I think the 
UK’s housing stock is in an appalling state and really doesn’t bode well for the future.  And so it’s 
almost, I almost see it as a duty to improve whatever house you’re in. 
 
OK, and would you say that your wife has, do you think she’s more focused on creating a 
warmer environment or …? 
 
Mm, yes she would be, yes, but not … but not to dismiss these ideas but … yeah, she has lots of 
other concerns in life that mean actually a warm, comfortable, easy to look after house would make 
her life easier! (laughs) 
 
11 
 
OK, mm!  Yeah, OK.  How would you say at the moment you’re feeling about the installation 
overall, if you could summarise it maybe in a sentence or two? 
 
I mean reasonably positive now, because hopefully we’ve taken some decisions and we have a 
timeframe.  Whereas what we’ve been doing for a long time now is just bumping along, not really 
making much progress at all.  So yes, reasonably positive now, but concerned too, I didn’t feel that 
when we had the original work done it was done very well at all, and in fact some bits had to be re-
done because of the quality of the work. 
 
Could you be more specific in exactly what had to be re-done and what you weren’t …? 
 
Some of the structural work actually, some of the brickwork was very poor, the roof lights in the roof 
plane were poorly fitted.  And so in fact that was standard construction work but maybe it’s just my 
lack of supervision when that work was being done, but I felt the quality was really poor. 
 
And would you say that’s had any influence on who you’d choose to do work in the future?  
Would you see it on a more … 
 
It’s very hard because we don’t have a … especially when you’re talking about environmental 
improvements, because we don’t have a great track record in this country, you’re pushing on a string 
really because there aren’t really construction firms out there who you can go to, who will say to you, 
yes, these are our strengths, you know, these are our specialisms, we are good at making sure 
insulation is well fitted and achieving airtightness and understanding issues of cold bridging and all 
those sort of things. 
 
Yeah, it’s … 
 
So where do you … this is the big problem, where do you go, if you’re trying to achieve anything 
above what tends to be more sort of cosmetic building in this country.  So no, I still find myself 
completely confused about that, which is why hopefully with [architect]l’s further involvement this time 
we can try and push the standard up. 
 
Yeah, and do you think, do you feel by having [architect]l, that you’re more likely to get trusted 
professionals and people in who he’s used before and that you can, there’s a track record? 
 
Hopefully … hopefully yes.  And there is, there’s starting to be a little bit of a track record of green 
building in Nottingham now, so there’s a number of jobs that have been done, both for him and for 
others, so there starts to be a small stock hopefully of contractors, who understand what they’re going 
to be asked to do, they might not like it but hopefully they’re entering into the work at least with some 
knowledge of expectations. 
 
Yeah, OK.  
 
But I still think we’re at a very early stage with that. 
 
Yeah, OK.  The next section is about what you expect the work process to be and a bit more 
information about who is coming and how long you expect the process to take.  Do you know, 
obviously there’s a few different things going on, do you know what the order of work will be 
at this moment? 
 
No, because I guess it will be partly decided by the contractors because we are going to try and put 
the work out to a tender, rather than having it done you know on day rates.  But I would expect that 
the first job will be ripping out the suspended floor and fitting the insulated solid floor. 
 
And then what would you say would happen once the floor is complete? 
 
Then windows and external wall insulation.  Loft insulation can happen at various times really, that’s 
not quite so dependent upon a timeline.  And then the, there’ll be electrics and water and airtightness 
will happen, well I guess the airtightness work will be sort of ongoing but won’t really be finished off 
until the insulation is in the roof plane. 
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Do you have a standard in mind that you want to achieve at the end of the work? 
 
Yes, because we want to fit heat recovery ventilation, which didn’t actually appear on the earlier list 
did it, so … 
 
No, it’s only just now as you’re talking about airtightness I’m thinking we haven’t actually 
discussed it yet! (both laugh) 
 
Yes!  Oh, I had to forget something!  We’d like to go for one air change per hour at 50 KPA I think it is.  
Yeah. 
 
So you said that the work’s going out to tender, will that be a process that you and [architect]l 
work together on? 
 
Yes, yeah, he’ll write the tender documents because obviously they’re written in a standard format, a 
standard RIBA(?38.50) format. 
 
Yeah, it’s just when you said ‘we’, I thought do I assume that that’s [architect]l and you …! 
 
No, yeah, I mean I guess we’ll … because I guess I’ve got opinions on things and I’m a bit more 
knowledgeable, then yeah, we’ll bash things backwards and forwards a bit. 
 
OK and do you know how many companies you expect overall to be involved and …? 
 
No, absolutely no idea, and it is, it’s a really big question mark about whether it’s even worth 
generating a tender document.  (laughs)  Again we’re just, we’re too early in the process to have that 
… a smooth(?39.26)  The recent, the most recent successful green build in Nottingham has just been 
done on day rates, partly because the owners of the house knew the people they were employing but 
whether they, I haven’t really spoken to them since they moved in, whether they thought that was a 
good model or not, I don’t know, and I think they had to spend a huge sum of money because they did 
massive amounts of work on the house, including enlarging it substantially. 
 
Yeah, I think I know the project you’re talking about but … (laughs) 
 
Yeah, it’s [friend] and Richard, yeah, so … Have you been to their house? 
 
Yeah, I have, they had an open house weekend, so I’ve, yeah, I’ve seen what they’ve done. 
 
And was it, I mean was sort of finished state was it? 
 
They were living in it, it was completely finished … 
 
Oh the open house one recently, yes, yeah. 
 
Yeah, so … 
 
It’s a lovely house isn’t it? 
 
That’s where I met [architect]l actually recently, so it wasn’t really the best chance to speak to 
him because he was there, talking about the house and the project, so …  
 
But it’s an astonishing … 
 
It’s a really, really lovely house. 
 
It’s an astonishing achievement, yeah, but I think they had to throw an awful lot of money at it. 
 
Yeah, but, yeah, that’s [friend]’s work isn’t it as well, so it’s, I mean … 
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Yes, it is and actually you know … sorry to cut in, one of your earlier questions was about who do we 
expect to do the work, there again is an example of that capacity being built because [friend] now 
works for the [energy-efficiency organisation] and one of her roles is to try and identify trusted 
specialists in various tasks.  And so hopefully again we can work with her to draw on that skill base, 
knowledge base. 
 
Yeah, all makes good sense, OK.  Once you do put the work out to tender, what do you think 
would be the most, the biggest deciding factor in who you choose?  You’ve already mentioned 
trust and that type of thing but if, I mean if you could specify exactly what will be the deciding 
factor or do you think it will be a mixture of things and recommendations? 
 
Yeah, it’s difficult isn’t it?  I’ve never put work out to tender before, so that’s one thing. 
 
OK. 
 
I think one of the things is going to be a gut feeling about whether you think that firm has a reasonable 
grasp of what you’re trying to achieve. 
 
Yeah, OK. 
 
Again, in terms of … So for example, let’s take [friend]’s build, you see I haven’t seen it in its finished 
state, I saw it several times in earlier states, and they were working with … 
 
Yeah, I wish I had!  
 
And they were working with people they absolutely trusted and in some cases were friends, but who 
initially had no concept of some of the details that they were being asked to do.  So for example, 
insulation boards that were being put in but air gaps being left and not filling air gaps with spray foam 
or not making sure there was no gap. 
 
Yeah, she did, she discussed all this at the open day actually and it was really, really 
interesting. 
 
And she was just saying that even though it felt like they’d gone over and over and over things, when 
the work came to happen, the people actually doing the work were I think in shock at what was being 
asked of them! 
 
Yeah, OK, so during the process of work, you guys are moving out. 
 
Yeah. 
 
And what do you expect you will be doing during the work, do you think you’ll be here each 
day or do you think it will be more that you’ll leave so much to [architect]l and …? 
 
I think I’ll be here every day.  But it is, it’s not that I’m sort of demanding to be here every day, if I 
actually thought it would be better if I wasn’t, then I’m happy to step away.  But at the moment 
[architect]l is suggesting that, especially on things like fitting of insulation boards and airtightness, that 
really it’s, we’re still at the stage where it probably requires a sort of full-time champion for those type 
of issues. 
 
OK. 
 
And basically that, at the moment, falls to householders, that was very much the role that [friend] took 
in her own build. 
 
And what about once the work is complete?  Do you expect to, I don’t know have additional … 
it’s a difficult question really because you’re not going to be living here, so … 
 
Yes, ours is an unusual case isn’t it? 
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Yeah! 
 
Very.  I mean we will be but not immediately. 
 
Do you expect maybe ?(44.25) would be … So what you’re hoping is that you’ll be living 
elsewhere and then new tenants will come in and they’ll live in the house, and do you expect 
to have to show them how to use things and that they’ll have … 
 
I think we probably will because again there’s not a great knowledge base in the general population 
about solar water heating, heat recovery ventilation.  But … but it should be much simpler.  We’re 
going to fit a tiny gas boiler because again, we just simply can’t expect people to live with a wood 
burning stove really! (laughs) 
 
Yeah. 
 
So hopefully it will be reasonably automated, I mean a tiny gas boiler and hopefully underfloor heating 
in the slab, so it will just be timers and thermostats which are common to most houses.  I think the 
heat recovery ventilation will probably be a completely new thing to most people, but again generally 
they just run in the background now, without any need for people to adjust or change. 
 
So when you’re here, if you do come along every day in the beginning and you’re quality 
checking and things at the points of airtightness and things … 
 
Yeah. 
 
… what do you think you’ll generally be doing?  Do you think you will, so that will be with the 
contractors or do you think you’ll keep out of their way and …?! 
 
Yeah, it’s really hard to know isn’t it?! 
 
It’s really difficult to know because I guess it depends on the relationship you form with them 
as well doesn’t it? 
 
It does, it does, and I think it’s very easy for that relationship to be quite poor because contractors feel 
picked on.  I mean I used to work for a contractor, so I sort of, I know the other side of it. 
 
So do you think, would you say building up a good trust and relationship with them early on is 
quite important? 
 
It’s going to be essential I think, partly so they know when to stop or know when to actually say we’re 
not going to do this bit because we know you’re not going to like it! (laughs)  Or something along 
those grounds.  You’ve got to come up with some understanding of actually saying, you’re doing this 
and I’m doing that. 
 
Yeah, OK.  I’ll move on now to talk about what you expect the work to cost, if you’re 
comfortable with that.  I mean if there’s any questions you don’t want to answer then don’t feel 
that you have to. 
 
Of course. 
 
So do you have an idea about what you expect the work to cost in total? 
 
Not very clearly I’m afraid.  I guess we probably will a bit more when [architect]l has done the tender 
documents but I … a lot will depend on the glazing, because(?47.19) good quality triple glazing for the 
whole house will be 15 to £20,000.  That’s without it even being fitted.  The floor will … I could see the 
bill being 75,000 but hopefully less. 
 
OK. 
 
But I don’t know how realistic I’m being. 
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No, well it’s just to give an idea really of what you’re expecting at the moment, OK.  So 
(laughs), sorry I know that you’re quite vague at the moment on roughly what it will cost but 75 
… do you have an idea in your mind of how that’s broken down very roughly? 
 
I guess yes, so that’s the only reason I can come up with it. 
 
Yeah! 
 
So 10,000 for external wall insulation.  Let’s say, well let’s go high, let’s say 20,000 for the glazing.  
The loft insulation will be probably £5,000 worth of materials.  The heat recovery ventilation will 
probably be a bit less but maybe with design and installation will be another 5.  Ooh the solid floor 
(laughs) and underfloor heating, I would suggest about 10, but I really am guessing on that one.   
 
That’s 30, 40, that’s 50 so far!  It’s good you’ve allowed extra! 
 
But that’s really parts isn’t it, so … 
 
Yeah, OK.   
 
If you do the old rule of doubling it for labour, I’m in trouble, and it … well we’ll have to drop things, I 
mean it’s … yeah. 
 
Yeah. 
 
The problem being is that we won’t be in this house forever and you can’t just throw … we haven’t, 
we’re not, you know private, people of private means!  So I mean yes, we believe in it and we’re 
willing to spend you know quite large sums of money to make it a good house but we can’t just spend 
say 50, £75,000 that we’ll immediately not get back, you know that we know for sure we’ve just lost 
that.  It’s … yeah. 
 
OK, the work, I mean so far you’ve had some plans drawn up by [architect]l and things, what’s 
been involved so far in the information and the decision making that you’ve gone through with 
him? 
 
Well we did a lot of structural work when we first moved in, so this was a house of lots of little small 
rooms. 
 
Did you work with [architect]l at that point as well? 
 
Yes, yes, so that’s when the plans came(?50.17) from.   
 
So he already had an idea at that point of what you were hoping to do in the future? 
 
Yes. 
 
And then you revisited him and said you know … 
 
Yeah, because we’d just stopped basically because we, the difficulty of us living here and becoming 
slightly more ambitious for what we wanted to do … 
 
Yeah, OK.  And when he first came and you had all the structural work and things done, did he 
arrange for a survey and advise on what could be done structurally at that point? 
 
There was a structural engineer involved who was very poor actually, but it’s still standing so …!  The 
solution is not one that I don’t think either [architect]l or me would choose now, partly because of cold 
bridging and there’s some, quite a lot of steel up in that loft, which is going to be very hard to insulate.  
But again, partly because thinking has moved on a bit.  And as I say, it just wasn’t a terribly elegant 
solution at the time. 
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OK, I think that’s enough really for now on that, yeah. 
 
OK. 
 
Every question, I feel like there’s ten more questions I could ask you! (laughs) 
 
Exactly, well come back for a second bite on the phone or Skype or even come round again if you 
wish, it’s not a problem. 
 
Thank you, yeah, well probably as, hopefully as we go on, then this will form quite a nice 
project in itself, the case, and yeah.  I should develop a much deeper understanding as we go 
along.  OK.  Do you mind me asking how you plan to fund the work, if it’s privately via a loan, if 
you’ve considered the Green Deal, re-mortgage? 
 
We’ve … hopefully we have an overpayments mortgage, so we’ve … effectively we have no 
mortgage at the moment, so we have about £50,000 which we can draw out of the overpayments 
fund and effectively you know create ourselves a £50,000 mortgage.  So that’s the principle sum.  
Over and above that, then it’s borrowing, so … 
 
OK, and have you looked into the Green Deal at all? 
 
I guess I’ve kept abreast of it but I think we’ll be able to borrow more cheaply than the Green Deal 
money, from what I’ve seen, the effective, the interest rates on Green Deal are far higher than we’re 
paying on our mortgage.  And because we’ll be able to borrow it, because as I say effectively at the 
moment we’re mortgage free, then I think we’re better off, from what I know at the moment, my 
opinion is we’re better off just borrowing it personally. 
 
OK, have you looked into who you would borrow from and gained interest rates from various 
providers? 
 
Yeah, we’re just, we got in at a very lucky time with mortgages, so we pay a very low interest rate, so 
we would look to try and extend that mortgage. 
 
So you’d borrow through the same … 
 
As I say, we’ve got this lump sum in the overpayments fund, so we’ve got all of that to draw down, 
we’ve got about £50,000 worth to draw down even before we get to zero, and even then there’s some 
small sums that could be dragged in from other places.  But then of course it will be, well it’s the Co-
op, we’ll have to go to the Co-op and ask to borrow a little bit more.  But it shouldn’t be a lot more, 
that’s the hope and compared to the obviously the value of the house, we would hope that that 
wouldn’t be a problem. 
 
In the long-term, you said you don’t expect to be here forever, do you expect that spending 
this money will save you money if you stay here for long enough!  Or possibly on the value of 
the … 
 
Not the amount of money … not the amount of money that we’re spending, no.  And I think it’s the big 
conundrum still here, is that it’s only the most basic work that actually gives you a financial return.  
Yes, I think most people in the country are now aware, if you’ve got very little loft insulation and you 
well insulate your loft, then you will get your money back.   
 
Mm mm. 
 
But for things like external wall insulation and high quality glazing, especially heat recovery ventilation, 
even solar thermal, you’re never going to get your money back on anything, on any of those. 
 
Right, OK.  So do you expect to possibly, over a certain amount of time, sort of break even, or 
because you’re saving money on fuel bills you don’t think … 
 
No. 
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OK. 
 
No, financially you wouldn’t do any of the work. 
 
OK.  That’s all on cost and funding. 
 
OK. 
 
The next section is on the energy rating and then the internal environment. 
 
OK. 
 
Have you had an energy assessment carried out? 
 
No. 
 
No, and how would you rate the energy performance of your home, if you could go from 
excellent, good, reasonable or poor? 
 
(laughs)  Poor, yeah. 
 
Yeah, OK!   
 
And in fact it has got slightly worse because of things like taking carpets up, there were multiple layers 
of carpets that had been added to over the years, and obviously when we’ve done, when I fitted the 
dishwasher, we had to rip out the built-in cupboards, and ripping out the built-in cupboards has 
exposed more gaps around the glazing for example.  So you know there’s now more issues than 
there were. 
 
OK. 
 
And there have been improvements, for example, there’s 200 mms of fibre glass in the floor because 
this is now a floor, so that’s an improvement.  And the bathroom floor has been very well insulated but 
it … 
 
Will you remove the bathroom floor when you …? 
 
I just can’t face it because I’ve done that fairly recently, so we’ll leave that because it is well insulated 
and it’s also pretty much airtight, so … 
 
OK, more out of interest, you said there was loads of carpets, how many carpets?! (laughs) 
 
Probably three layers at some points, yeah! (both laugh) 
 
Right, OK, mm, any nice ones?! 
 
No, well sort of museum pieces but …! (both laugh)  But it is surprising that on a suspended timber 
floor like this, which is, you know as has all old houses, completely uninsulated, it makes a huge 
amount of difference, it stops … 
 
Three layers of carpets, yeah, I bet that’s quite thick insulation! 
 
Exactly!  It stops a lot of draughts and it adds, as you say, a bit of insulation as well. 
 
When did you remove the carpets, was that …? 
 
They were in awful condition, they had an incontinent dog, just to … (laughs) 
 
Oh no!  
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They were an elderly couple who, yeah, who had loved their dog but … 
 
Yeah!  Right, this section is a little bit more interactive.  Whilst I was designing it, I felt we had 
quite a lot of questions now and it might be interest to add something else! 
 
(laughs) 
 
These are four internal environment conditions, I wondered if you could rank them from 1 to 4 
of what you consider to be most important in a home.   
 
Mm … 
 
It’s quite difficult and I do realise that it can change … 
 
Of course. 
 
… depending what the problems are and things. 
 
Well weirdly enough, this is now at the top because the house next door has been made into a 
student house. 
 
Oh. 
 
And building standards do now require any sound insulation to be added to existing walls, new walls 
have to have sound insulation but existing ones don’t.  So we now have the kitchen of a house with 
seven people in, right next to our bed. 
 
Mm, OK. 
 
So that’s now at the top.  I would actually put that one, I would put air quality above temperature, [B] 
might swap those around.  I get a bit of asthma, so air quality is probably quite important to me.  Then 
I’d put temperature and visual comfort, that’s quite an unusual one, so that means qualit … 
 
It’s a lighting quality … 
 
Aesthetics. 
 
… more than aesthetics probably, when there’s a glare and that type of thing. 
 
Oh right, OK. 
 
Yeah, it’s quite a difficult one, because you don’t often think about it unless you have a big 
problem with bright sunshine coming in, but …! 
 
No, it’s not, yes, it’s not quite intuitive is it from the title? 
 
The questions weren’t taken from an English study, so visual comfort would be more of an 
issue in like a sunny country! 
 
And again, you see again … again, thinking a bit for [B] here, I think she might put visual comfort a bit 
higher up too. 
 
OK. 
 
But no, temperature’s got to be important because it is just so hard to live in a cold house. 
 
OK.  And you’ve already said that the house gets quite cold … 
 
Yes, it gets very cold. 
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And it’s quite noisy because you have the students next door in the bedroom. 
 
It is now, but that’s only a one year problem. 
 
OK, what that will only be for one year or that’s only been one year? 
 
It’s only been one year.  And actually, well again, what we have to do to add to the list of work that 
you made earlier is a lot of sound insulation on the party wall. 
 
Yeah. 
 
Both upstairs and down. 
 
OK.  Would you say that air quality has been a problem at all in this house? 
 
Mm, damp is, because you’ve got cold walls and of course that’s where damp will appear. 
 
OK, we’ll come to a bit more about the damp soon actually.  What I’d like to do now is draw a 
floor plan and then the following … 
 
OK, shall I dig out a drawing for you? 
 
Oh yeah, that’s probably easier, yeah, and then the following questions, you can highlight 
different points of problem!  Or issue. (pause – getting drawing?) 
 
Are you going to be warm enough? 
 
Mm mm. 
 
Please just shout if you … 
 
I grew up in quite an old house, I’m used to the cold! 
 
Yeah, and you do get very good at dealing with it. 
 
Yeah, well it’s often my housemates that get cold before me and they say, oh don’t you feel 
chilly now and … I don’t know.  
 
So there we go, I might knock your Dictaphone. 
 
That’s OK, I’ll pop it there.  Do you think it would be possible for me to take a copy of this at 
some point?  It doesn’t have to be now but at some point in the future? 
 
Yes, yeah, I guess we should ask [architect]l.  You said you’re seeing him.  He will have one of these 
at his home because he’s been re-printing them out recently, so he might just, I’m sure if you paid him 
for the print he’d just, he’d give you one, or he might just give you one anyway if he’s feeling 
generous! (laughs) 
 
Well if he knows that I’m coming, so …! 
 
Yes. 
 
I imagine he’s very busy, he doesn’t really have time to think about what I’m doing so much.   
 
So I mean just to walk you round a little bit, obviously there were no stairs because it was a bungalow, 
these were all built as bungalows.  This was quite the most … oh they were heated by coal fires, so 
there were two fires in … this was two bedrooms at the end and we’ve taken out the dividing wall, so 
there was a coal fire in each bedroom going to a … and that chimney’s actually shared with next door, 
so there were two fires in the bedroom on the other side two. 
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Oh OK, so it’s just a ?(01.03.30) in the middle. 
 
Yeah, and we can see that from the outside.  And this was an enormous chimney, it went all the way 
out to, you can see where the new floorboards are, so all the way out to here, and all the way to here.  
And it went up and took up, you could barely squeeze past it in the loft either side, so you had a good 
space in the loft at one end and a good space in the loft the other … 
 
Yeah, oh it’s huge. 
 
… but actually was not a really, a useable space. 
 
So this was, do you think originally it would have been the cooker as well, and they would 
have done everything here? 
 
I don’t think they were. 
 
No? 
 
I don’t think … I think we’re just modern enough for there not to have been ranges. 
 
Mm, it’s huge isn’t it?  I wonder why it was so big?! (laughs) 
 
Yeah, it’s just … well these houses are sort of arts and crafts revival style and so that’s why theyv’e 
got these big, steep red tile roofs and … 
 
Yeah, so they were just going with the style ??(01.04.22) 
 
… I think you know the big heavy fireplace, as you say, was a throwback to that, a sort of stylistic 
throwback to that thing of a range.  So that’s, so you came in here and the hall was bigger, the 
bathroom … (walking around, away from recorder) … started here.  So that was the bathroom, so a 
fairly tiny little bathroom with a … 
 
Yeah, a good size now isn’t it ?? 
 
Yeah, a better size.  And forgive the mess that we’re in, as I say we’re in more of a mess than ever 
because of tidying up(?) and things like that.  So this was two bedrooms, there was a doorway there 
from the hall, because the bathroom didn’t start until further back.  So that was one bedroom door, 
this was the other bedroom door. 
 
Yeah. 
 
A doorway here … or was there? 
 
(laughs) 
 
I’m going to start … yes, yes, the hall was completely enclosed. 
 
Yeah, because it would have gone further that way as well wouldn’t it? 
 
Yes, yes, you can imagine … you’ve got to imagine more hall that way! (both laugh)  These are 
original walls so you can see, as I say a doorway here, which was, came into this lounge area, and 
this was the biggest room.  A cupboard over there, which sort of exists anymore.  ??(01.05.54) still 
exists.  A coal shed, with the door, access door to outside, so this was completely sealed off inside.  
These were, they would have been walls.  This was the pantry which had a door from the kitchen 
here, that’s why it’s got the window. 
 
Oh yeah, so you’ve got the original … 
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Yeah, yeah, you can see the traces, so that was the pantry window.  The door to the kitchen was 
here. (laughs)  And this was another room here, which some people described as a third bedroom or 
you could say it was the dining room. 
 
Yeah, OK. 
 
And again you just had the … I’m just trying to work it out, I think there was a door here … isn’t that 
weird, I can’t even remember now, so … 
 
(laughs) 
 
Yeah, a door here.  And this was a normal … a normal window. 
 
Right, OK, and then you would have, how would you have got to the back garden? 
 
The back door, which is where the calendar is now, on the wall. 
 
I see, right, OK, oh yeah. 
 
You can still see the lintel. 
 
OK, well what I’ll do, I’ll maybe make a quick sketch, because it shouldn’t take too long and 
then … 
 
Yeah, I might even have the original, would that be of interest to you?  Because I have a feeling 
there’s a drawing of the original house. 
 
Well I don’t want to scribble anything, but yeah actually if you’ve got the original, I could draw 
a quick sketch of how it was, yeah. 
 
??(01.07.18)  Or you could actually take stuff to photocopy if you want. (moves away from recorder) 
 
Well if you’re happy with that but I mean it is going to be a few weeks before I come back, or I 
guess I could give them to [architect]l tomorrow. 
 
I don’t think that’s going to be a problem to be honest.  I’m really not going to need, especially the 
drawings of the original house because we’re way past that.  (moving papers)  Yeah, there you go. 
 
Yeah, shall I take this, photocopy the bits I need and then give it to [architect]l tomorrow do 
you think, or shall I bring it back to you, what would be easier? 
 
Well, yeah, take anything you want today, that’s absolutely fine and then just send them all back when 
you’re done.  And then obviously if you get copies from [architect]l immediately, then send them back 
straight away, if you need to keep them longer because you don’t, then do that. 
 
OK, well I can go and photocopy them at the end of today and give them to him quite easily. 
 
Yes, I mean that’s great too. 
 
If that’s easiest, when you’re going to see him anyway. 
 
Oh yes, yeah, we’ll be, yeah, we’ll be seeing each other soon enough, so … 
 
That way I won’t be worrying about having to remember more things next time round! 
 
OK, yeah, so that’s the original and you get an idea of the size of the … that was the chimney in the 
loft you see, where it corvulled(?01.09.01) over, to then exit centrally. 
 
OK, yeah, I might actually … because what I’m going to do is model the house ? in SAP, which 
is the Standard Assessment ? 
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Yes, oh that’s going to be fascinating … 
 
So what I might do is put … 
 
I’d be so interested to … 
 
… the existing, well the previous design in and then I can enter what you have now. 
 
Yes, yes. 
 
And then once it’s complete, I can put in what you have at that point. 
 
Yes. 
 
As well. 
 
I mean you could even, well no we moved in with this double glazing, so I guess you’ll probably want 
to model that, but originally of course it was metal framed, single-glazed. 
 
Yeah, well there’s always lots of little changes that have been made over time but … Yeah, 
great. 
 
Yeah, so please take that if you wish. 
 
Great, thank you. 
 
So it’s probably just a case of that one and that one really isn’t it? 
 
Yeah, that’s all I’ll need. 
 
I mean I have got some extra details but I just don’t think … 
 
What I was going to do very quickly, I mean this is a very rough sketch … 
 
Of course. 
 
… but this is fine for the purpose that I need.  What I was going to do is ask you to mark on the 
plan any particular cold, damp, any sort of points of issue for you at the moment. 
 
Mm, just … this is probably just more out of nerdy interest than anything else.  We’re right at the cusp 
in the 1920s of them starting to think about cavity walls.  But they weren’t quite convinced!  I don’t 
think people quite liked the idea of it early on. 
 
No, there’s quite, I mean my house in Loughborough, I think it’s from the 30s, that’s what I’ve 
estimated. 
 
Yes, yes. 
 
And that’s solid wall.  So it’s like they’re aware that ??(01.10.48) and it’s like ooh ?? 
 
[friend]’s house is solid wall, and that’s a 1950s house, so that’s weird isn’t it? 
 
Yeah. 
 
But the first, well you’ll see when we’re outside, there’s like a small section of cavity wall which 
extends from just above the damp proof course … 
 
Oh right. 
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… all the way down to the footing. 
 
All the way around? 
 
All the way around. 
 
Oh right. 
 
And the idea, I guess what it means is that the floor joists are actually going into cavity wall, so 
hopefully they don’t rot, that will be part of the theory. 
 
OK, that’s interesting. 
 
And then it changes to solid wall just about here.  Anyway, it’s much easier to see on the outside 
because the walls are different thicknesses, so obviously you can’t miss it. 
 
Well I’ll photograph that as well before I go and then … 
 
But yeah, this was one of the early examples of them playing around with the idea of cavity wall. 
 
OK.  (pause – moving papers) (drawing) 
 
(offers drinks – talk about buying malt loaf from market.  Talk about food and farming award at 
Nottingham 01.13.37.  Gardening group at Loughborough.  Making drinks.  Gardening – permaculture 
gardening) 
 
Do you mind if I take the photos now of the stove and the wood? 
 
Of course yeah, no problem. (pause 01.15.30)  And we’re in a smokeless zone here, so you have to 
use what’s called an exempted appliance. 
 
OK and how big is the zone?  Is it marked by the council on a map or …? 
 
Yes, it literally has a boundary.  Pull one out if you … don’t worry if it falls apart, it might well! (both 
laugh – talking about wood?)  Just mind your foot!  Interestingly enough, they’re pretty much identical 
to the cost of gas if you buy them in quantity, per kilowatt hour. 
 
Right, OK. 
 
Yes, the smokeless zone has a boundary, and if you want to have a solid fuel burning appliance 
within a smokeless zone, you have to have what’s called and exempted appliance, which is an ever 
growing list to be honest of clean burn stoves.   
 
So if you were to find a stove and it wasn’t on the list, would it be possible to ??(01.17.05) 
 
Theoretically you could pay to have it tested and it would have to go off to one of the formal testing 
things, but even manufacturers … 
 
Do you mind me photographing this by the way? 
 
No, no, I mean it’s pretty rough and … 
 
Just to get an idea of what was there before. 
 
No, it’s fine, it’s all a bit rough and ready as you know. 
 
OK.   
 
If you could avoid making it look too grotty, I would be grateful! (laughs) 
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Oh no, there’s flowers in the picture and …! (laughs) 
 
They’re paper whites(?01.17.52) actually, they’ve got a fantastic scent. 
 
They’re made of paper? 
 
No, it’s a daffodil species called paper white! 
 
Oh OK! (both laugh.  Talk about flowers) 
 
If you’re a clever gardener, with a bit of greenhouse and things like that, you can sometimes get them 
flowering for Christmas, it used to be quite a, well Victorian/Edwardian thing (still talking about flowers 
01.18.34)  There are, I mean it’s funny, I wouldn’t actually advocate anyone living like we do because 
it is such hard work. 
 
Mm. 
 
But there are some joys in living in a really sort of rough and ready house that you can just decide to 
do things that would seem insane in other people’s houses, that you can you know put up a 
blackboard on the wall because we’re trying to learn Chinese at the moment for obvious reasons.  
And you can, I can do my bike maintenance on the kitchen floor because now, because I can just 
scrub it down! (laughs)  And it’s … 
 
It’s quite practical in many ways isn’t it? 
 
It’s funny, yeah, actually having a house which is rough around the edges does have some 
advantages. 
 
Mm, yeah I’m sure, it’s interesting! 
 
(laughs)   
 
There’s a lot of character I think, especially if you’ve got history … I suppose for me it’s quite 
nice because I come along, for you it’s things that you’ve been thinking about doing, but yeah! 
 
Mm, I mean there are some … who was, oh who was the British architect who wrote A Timeless Way 
Of Building? 
 
I should know this! (laughs) 
 
Oh what was his name?  Pattern Language he wrote too, do you know that one? 
 
No, I don’t. 
 
Classic(?01.20.33) 1960s architecture book. (moves away from recorder – pause)  Christopher … I’ve 
got half his name … 
 
What’s his name, sorry? 
 
Christopher, his first name was.  Anyway, his, one of his big things was, is that you had to basically 
live in a house to be able to know what you wanted to do.  And I guess there has been some, there is 
something in that, in that we now know the windows don’t really work for us and the sort of, the best 
view in the whole house is standing at the bedroom window where our bed is now because you see 
diagonally across this big long garden with lots of trees in the background, so would actually be lovely 
if that was a floor to ceiling window there. 
 
Mm, yeah. 
 
And all these things that we would never have known about before. 
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Yeah, it’s interesting actually, while I’ve been doing this study, I’ve met people who move 
around the house, depending on the weather and the time of year and move their furniture and 
it’s quite … 
 
Oh OK. 
 
I’d never considered that before, just because we never did when I was growing up I guess, 
that’s just not something I would consider. 
 
That’s a very old-fashioned thing to do, if you go back to Elizabethan households and things like that, 
they used to have seasonal rooms. 
 
Yeah, there was a really interesting programme actually last night on BBC4 and it was more 
about Victorian housing and the problems with fashion and things in the Victorian days.  But 
yeah, it is interesting when you go back and think about how homes have developed.  Anyway, 
that’s a big tangent.  So yeah, I’ve sketched out the plan, very rough, so if you don’t mind that 
… 
 
OK. 
 
And what I would like you to do first of all is, again this is quite difficult because … do you 
want to … you can lean on this notepad if you like. 
 
Yeah, I’ve got a notepad here too.  There we go.  
 
The best way to do this is to consider how you feel today. 
 
OK. 
 
I think because obviously it can change throughout the year.  And first all mark on each room 
plus 1 to minus 3 how warm you consider it to be. 
 
OK, do you want it in pencil or are you OK with this? 
 
Pen’s fine because once I’ve got these, I’ll pop them on to a computer. 
 
Well the bathroom is very cold, so I think we should put minus 3 in there.  It’s very strange because 
obviously it’s warm if we heat and not but let’s sort of put plus 2 for the main room because the thing 
is even if it’s, because we’ve lived here as it is now, during two very cold winters, and what you can 
do with a point heat source like that is you can actually move closer to it when it’s very, very cold, so 
you find yourself … 
 
Coming in … 
 
Yeah, just going, well shrinking(?01.24.08) the room basically. 
 
Yeah! 
 
Let’s put plus 2, yes? 
 
Yeah, the main reason to do this is to compare results after the work’s done, obviously it 
might not be you, it could be a tenant but that will be quite tricky.  But the other, I mean it’s to 
capture the temperature variation around the house and the improvements that you make as 
well.  So it doesn’t have to be, it’s not an exact science, it’s … 
 
I’ll put a circle round them so you know it’s me.  That does get very easily heated by the sun actually, 
that little porch because it’s got double height doors.  Let’s put minus 2  in these walls(?01.24.52) 
 
And if you do the same for the stairs as well. 
 
26 
 
OK, oh blimey, well that’s easy!  I’ll take you up there if you’re feeling brave! (both laugh) 
 
Thanks!  Do you have any insulation at the moment in the rafters? 
 
No, and again it’s partly that chicken and egg problem, it’s one of the big issues that we’ve had is that, 
oh we could do that straight away but oh no if we then, you know, if we’re then going to do that in the 
future, actually we’re going to end up taking that down and that’s … 
 
Yeah, OK. 
 
Yeah, you need to do, if you’re going to do a big re-fit like we’re planning, I do now know you have to 
do it as sort of a coherent piece rather than piecemeal, which is what we thought we could do. 
 
Yeah, it’s really interesting actually, just the way that people kind of think about designing the 
project.  Next, I’d like you to think about draughts and air movement. 
 
OK. 
 
And instead of marking numbers on the plan this time, if you could maybe just pop a little ‘am’ 
next to any particular draughty spots. 
 
OK. 
 
When the windows are closed I would say! 
 
Yeah, yeah, yeah.  And so ‘am’, yes? 
 
Mm mm. 
 
I’ll put that by the windows and here too.  And the front door’s not very good quality.  Actually I’ve 
draught, temporary draught-proofed some but there are some still slightly gappy bits here.  And then 
of course this, because it’s just open tile, this is all one big air movement! (both laugh)  
 
OK great, thank you.   
 
You talked about drying clothes, a very good place to dry clothes because the wind blows through like 
there’s almost no tiles there! 
 
What I’ve just realised … yeah, it’s just like one big washing line isn’t it?!  What I realised I’d 
also like you to do actually is on the temperature, if you could mark how you feel now sitting 
here as well. 
 
OK, at the table? 
 
Yeah. 
 
Do you want it marked on here? 
 
No, if you could mark … 
 
Right, on here yeah, will do. 
 
It’s a line on the scale. 
 
I’m neutral. 
 
Yeah, and as I say(?) for air movement, if you could place where we are now(?01.27.50) … 
 
Actually, because of the wind, I’m going to put that today because it is, it does blow through I’m afraid. 
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(laughs)  And air quality …? 
 
And there’s lots of things I could do very quickly and easily that actually we’re not now choosing to do 
because … 
 
Yeah … 
 
And I say, partly things have actually gone backwards quite recently, with exposing some bits that 
weren’t exposed before but it’s not worth now doing it … 
 
Well you wouldn’t know would you until you’ve taken cupboards away and things, what’s 
behind them I guess. 
 
Mm, mould mostly, which has now all gone thankfully, so … 
 
Air quality, you did mention that there’s some dampness and we’ll come to … 
 
There is, yes, and that’s particularly bad in the bedrooms. 
 
So maybe with dampness, if you could put a ‘d’ on any particular damp spots. 
 
Yeah, so there’s definitely … there’s damp on this wall … 
 
Do you know, is it condensation or is it rising damp? 
 
I think it’s condensa … I don’t think it’s rising damp, no. 
 
OK, it’s more likely to be … 
 
Partly because of that cavity wall bit. 
 
Yeah, yeah.   
 
Then, I mean you can see, I mean that’s actually relatively newly plastered and … because I was 
going to enclose that in but I stopped.  But you can see what’s happening to the paintwork already, 
that you’re starting to get moulds growing.  But that’s not, you see again that’s just condensation 
really.  Because unless you could just push heat through this place all the time it’s going to happen.  
But there’s even neighbours here who have perfectly modern, powerful central heating systems … 
 
You were saying(?01.29.37) 
 
… and as soon as they’re into a slightly sort of protected corner or anything like that, they’ve got the 
same problem, so … 
 
Yeah, I’m sure most houses have it! (laughs)  Yeah, I don’t think it’s unique.  Every study that 
I’ve been to so far has at least some! 
 
Yeah, and what’s weird is, is how you solve it as soon as you take the plaster away, as soon as 
you’re back to breathable brick, it’s gone. 
 
Mm. 
 
The problem’s gone. 
 
Yeah, so it’s ??(01.30.06) yeah!  Could you pop a little ‘d’ on here and then I could put a 
comment about plaster as well. 
 
Yeah, OK, yeah, there’s a little … but again it’s just condensation damp.  And there’s some, oh yes, 
let’s put one in the cupboard because again that … when that used … that used to have a door on the 
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front and was protected off, it was awful, you couldn’t actually put anything in there because it would 
just go damp. 
 
Right, OK. 
 
Which is why I haven’t put the door back on!  That’s probably it, yeah. 
 
Right, OK. 
 
They’re not awful for damp actually. 
 
No, it doesn’t seem to be! (laughs)  So thinking about the coldest spell in winter, about now! 
 
Yes! 
 
What’s the first thing that you do to maintain comfort? 
 
Clothing. 
 
Clothing first. 
 
Looking at your list there. 
 
Yeah, and then obviously you put the heater on once, the wood burner once … 
 
Or as necessary because I mean obviously if we’re here … but then again you know if I’m working 
during the day, I don’t just keep burning because it, well you wouldn’t do much else(?01.31.23) 
 
Would you say that you change routine at all … 
 
Yes, definitely, yes, you tend to shower for example when the wood burner’s on.  You go back to a 
very old-fashioned sort of lifestyle of when the heat’s there you do things that … 
 
Yeah, working with the weather! 
 
… you’re going to get cold (laughs) … 
 
OK. 
 
But we probably do all of them to an extent, I mean I make hot drinks during the day, [B] has a hot 
water bottle at night.  We have an extra heat source in the bedroom because the stove doesn’t 
adequately heat that.  We don’t have a thermostat, other than our own. 
 
Yeah, OK. 
 
Yeah. 
 
And what about in the middle of summer, does it get quite hot in the middle of the summer 
would you say? 
 
No, no, it gets very hot upstairs and this will probably be an issue, and is in fact an issue in a lot of 
these houses that have been converted with lots of rooms in the roof, they do overheat. 
 
OK. 
 
And I mean me and [architect]l have obviously thought a lot about thermal mass and we were hoping 
originally to use something like wood fibre board in the loft to absorb that extra heat, but structurally 
there’s real issues and financially there’s real issues with doing that.  But we might need to do 
something to try and offset that, maybe a bit of phase change(?01.32.50) plasterboard right at the 
peak, at the highest point in the roof, something clever like that. 
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How often would you say you open the windows in summer and winter at the moment? 
 
In winter, never, there’s plenty of holes, without them being open!  In summer, the windows are open, 
some windows opened every day.  But it does stay very, very comfortable down here, even in the 
hottest of weather, it’s very unusual that the temperature of this room would go above say 24. 
 
Mm, OK.   
 
And that would be, you know, after a prolonged period of very, very hot weather.  I mean often it will, 
even in you know good sunny, what most people would consider to be quite warm, well quite hot 
weather, it would stay at 20 degrees in here. 
 
That’s good. 
 
Yeah. 
 
OK, so you say one of the first things you do is put more clothes on when you’re feeling cold. 
 
Yes. 
 
How many layers do you typically wear indoors? 
 
I wear a lot because I don’t burn the stove during the day, so I … and I’ve worked outside for many 
years, so I just dress according to how cold it is, as many as is necessary basically and then I just 
carry on. 
 
OK, on average do you think is typical?!  Three or four or …? 
 
Yeah, during the winter, definitely, yeah. 
 
OK and … 
 
Long johns are much in force! 
 
OK!  And is [B] quite similar? 
 
Yes, although if she’s working here, she’ll, she needs, her job is static, she works at a desk, so she’ll 
always have the radiator on in the other room if she’s working there, or come and work here in front of 
the stove.  But yeah, we both … there’s no way you could live in this house unless you were wearing 
serious amounts of clothing in the winter. 
 
OK, and what about in the summer, you said it doesn’t overheat, so …? 
 
It doesn’t, no, it’s a very comfortable house in the summer. 
 
So how many layers do you think you typically wear? 
 
A single layer. 
 
Yeah. 
 
Yeah. 
 
And is [B] quite similar? 
 
Yes, yeah. 
 
So we’ve done the air movement, and … 
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Well actually she’s quite a cold person, so maybe put two for the summer, she’ll always have more on 
than me. 
 
OK, and the main way to get fresh air into the house, would you say it’s via the windows or … 
 
It is. 
 
… through draughts and things as well?! 
 
Yes, I mean draughts at the moment but that’s unintentional.  The new windows won’t have trickle 
vents on because obviously that will be done mechanically.  And there’s no extractor fans, so I do 
have to be careful, you know like the shower, opening windows for showers and things like that. 
 
OK and then what about when you’re cooking?  Do you open windows when you’re cooking or 
is it OK in the kitchen? 
 
It’s OK, yeah.  As I say the slight advantage is that in summer we’d have the window open anyway 
and in winter, because of the stove, it’s very drying, so actually a little bit of moisture in the house is 
no bad thing. 
 
OK, so we’ve done the air quality … ?? condensation.  Would you say the condensation in the 
bedroom changes in the summer, on the walls, do you notice any difference? 
 
Yes, it’s a cold wall problem.  And there’s even a lot of, at the start of the winter … So however cold it 
gets now, there’s no condensation on the windows, but at the start of the winter, when all of that 
humidity, all of that moisture content has built up in the building over the summer, we get terrible 
condensation on the windows, even though they’re double-glazed.  And then gradually, as it dries out 
over the winter, we’re at this point now, even on a … I mean we had a minus 6, minus 7 here the 
other night and there’s no condensation on the windows because everything’s bone dry now. 
 
And do you think that is due to the wood burning stove? 
 
Mostly. 
 
And do you think it would be as dry if you had central heating or do you think it …? 
 
No, it wouldn’t be as dry, nowhere near. 
 
Yeah, that’s interesting, I don’t really know that much about the types of heat … (laughs) 
 
This has actually got an external air supply, so it sucks in air from outside. 
 
Oh OK. 
 
The worst houses for drying out are the ones which don’t because basically what you’re doing is 
you’re sucking air out your living space to fuel the stove and it’s being replaced with cold, dry air from 
outside. 
 
Mm, OK. 
 
So it does help a little bit, having the external air supply. 
 
OK.  Noise levels?! 
 
OK! (both laugh) 
 
Do you want to maybe mark how you feel sitting here now and then mark any points of 
particular issue on the drawing as well. 
 
Well it is slightly noisy, partly because of all the gaps. 
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Mm, OK. 
 
But it’s generally a quiet place to live. 
 
Yeah, OK. 
 
But as I say we’ve now got very serious noise problems from next door. 
 
Yeah! (laughs)  So maybe we could just mark something on the sketch. 
 
Neighbours or something … or something … 
 
Yeah, maybe actually neig … yeah, I’ve made a note anyway of the issue, so … yeah.  I’ll 
maybe just pop it there.  Neighbours’ kitchen ?? students(?01.38.48) 
 
Yeah. 
 
(laughs)  Right, OK.  And what about lighting, if you could maybe mark on there how you feel 
now? 
 
OK, the lighting’s rather lovely now actually, what you can’t tell is we often have that … the reason 
I’ve made a trap door over the loft space is because of heat obviously, because there’s no insulation 
up there.  But in, when it’s hot in summer, that will be open and of course when the house is finished, 
that will be open. 
 
OK, yeah. 
 
And so because of the roof lights, we get light coming down the stairs as well, and of course you’ve 
got light from both sides. 
 
Yeah, it’s quite lovely isn’t it? 
 
So you’ve got light from … yeah. 
 
Whatever time of day, then it’s … 
 
Yes, it’s a nice quality. 
 
OK, and then the final one is overall comfort, how you feel at the moment?  Taking all the 
previous factors into consideration. 
 
It’s got to be very bad hasn’t it? 
 
(laughs) 
 
It has, yeah, I mean I can cope with it but it’s still a challenge, yeah. 
 
OK, and that’s all for the questions, there’s a box for any final comments or questions that you 
might have.  And if, I don’t know if you think there’s other things that might come up over time 
then we can add those and … 
 
Yeah, sure and as I said by all means just ring or whatever you need to do to fill in gaps if you want 
to.  But I think … 
 
But you can’t think of anything especially at the moment? 
 
No, other than I would be really interested in the SAP stuff because obviously I mean that’s what 
we’re trying to do, we’re trying to progress and so it’s lovely to have a baseline. 
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Yeah, well the only issue is I can’t give you any findings until the end of the PhD, that’s … 
 
No you said, that’s fine, yeah. 
 
So yeah, I’ll turn … 
 
Yeah, if you can give me a verbal SAP rating without that contravening anything, then do, but if you 
can’t … (END OF RECORDING) 
Appendix 8: Phase 2 interview script 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
Property code: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
Introduction 
Hello, 
Thanks for your help so far and continuing with study. 
Today I will ask your experiences of the installation process.  
You still have a right to withdraw from this study at any point but if you withdraw once 
I have added your anonymous data to the study it may not be possible to remove 
this data.  
Do you have any questions at this stage? Are you ok to carry on today? 
 
Tasks Done 
Interview  
Photographs of the new measure  
Meter readings  
 
 
Notes from pre-refurbishment interview here: 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
Questions 
  
What Why 
Installation 
 
1. Did you go with the measure 
planned? (make of boiler, 
insulation type etc) 
 
 
 
2. If not, why not – what 
changed and why? 
 
 
 
Time, duration and process 
 
3. Did you go with the 
installer(s) planned? 
(if they were not confirmed 
previously – find out the 
company name, if it has 
changed find out why) 
 
 
4. Was it just this(ese) 
company(ies)? 
 
 
5. How many installers came? 
 
 
6. When did the installation 
start? 
 
 
7. When did it finish?  
8. Was this as expected? 
 
 
 
9. Did the installers arrive on 
time during the work? 
 
 
 
10. Were there any unexpected 
visits? 
 
 
 
11. Did anything take longer 
than expected? 
 
 
 
12. Was anything quicker than 
expected? 
 
 
 
13. Did you feel comfortable 
leaving the installers alone 
with their work? 
 
 
14. Was the process of work as 
you expected? 
 
   
 
 
15. Do you think this process 
time could be reduced? 
 
 
 
Comfort 
16. Was your heating pattern 
affected during the work? 
 
 
 
17. Was the work noisy?  
 
 
 
18. Any dust or fumes created? 
 
 
 
19. Did you open windows or 
doors more or less than 
usual during the work for any 
particular reason? 
 
20. Were you able to use your 
house as you normally 
would? 
 
 
21. Was the area clean following 
the work? 
 
 
 
22. Were you comfortable 
enough during the work? 
 
 
23. Could this have been 
improved in any way? 
 
 
 
24. Did you feel particularly 
uncomfortable at any point 
during the work? 
 
 
Information and functionality of product 
 
25. Do you feel you have 
enough information on how 
to operate the boiler? 
 
26. Do you know whether there 
will be any ongoing 
maintenance? 
 
 
27. How long do you expect the 
product to last? 
 
 
 
28. Did they provide any 
warranties? 
 
29. Does it seem (to work) ok 
overall? 
 
   
 
 
30. Are you pleased with the 
selected product? 
 
 
 
31. Are you happy with the 
finished appearance? 
 
 
 
32. Do you think it improves the 
home? How? 
 
 
 
33. Do you have any work to do 
now? 
 
Personal resources: cost and time 
 
34. How did the cost compare 
with what you were 
previously expecting? 
 
 
35. Do you think the research 
time you put into this has 
paid off? 
 
 
 
36. Do you think it adds value to 
the home? Financial or 
otherwise. 
 
Satisfaction 
 
37. Were you satisfied with the 
workmanship? 
 
 
 
38. Would you suggest this 
installer to a friend or 
relative? 
 
 
39. Do you think they could have 
done anything better? 
 
 
40. Did they seem competent 
overall?? 
 
 
41. Did they work safely?  
 
 
 
 
42. Did they communicate their 
work to you effectively 
throughout? 
 
 
 
 
 
 
   
General 
43. Did anything unexpected 
happen? 
 
44. If you could provide advice 
on anything we have 
covered direct to an installer, 
installer trainer or the UK 
government, what would this 
be? 
 
 
 
Gas and electricity meter readings 
Time: Date: 
Gas Electricity  
 
 
 
 
Thank you for your time today (explain what’s next) 
Appendix 9: Phase 3 interview script 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Household: 
 
Hello, thanks for continuing with this study. Today I want to find out how your first winter with the 
new installation has been. I also want to find out your overall satisfaction with the installation and 
learn about any recommendations you have. Finally, I would like to see your energy bills for the last 
year – if possible. Take meter readings, download of temperature data and ask you to fill in a 
multiple choice page whilst I do these things.  
Contents 
Measure and functionality ...................................................................................................................... 2 
Costs and Savings .................................................................................................................................... 4 
Energy ..................................................................................................................................................... 5 
Comfort ................................................................................................................................................... 7 
Recommendations ................................................................................................................................ 10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Measure and functionality 
This first section is about the measure, what it adds to the home and how you are getting on with it. 
 
1. How has the measure been since it was fitted? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Is it working ok? 
 
 
 
 
 
 
 
3. Are you able to use it ok? 
 
 
 
 
 
 
 
 
 
4. Are you satisfied with the result now you have lived with the measure? 
 
 
 
 
 
 
 
 
 
 
5. Looking back, why did you first choose the installation you have chosen? 
Embellish the home  
Save heating energy  
Reduce energy costs  
create a better/more comfortable indoor 
environment 
 
Maintain the homes value  
Increase the homes value  
Install up-to-date technology  
Make a contribution to climate protection  
Become less dependent on fossil fuels  
Perform necessary maintenance  
Replace a defect or broken building component  
Respond quickly to a problem or defect  
Remedy a structural defect  
Create more living space in the house  
Utility provider  
Notes: 
 
 
 
 
 
 
6. Has it fulfilled these expectations? (ask about specific things from above) 
Yes  
No  
Notes 
 
 
 
 
 
 
 
 
 
 
7. How are you now feeling about the installation overall? 
 
 
 
 
 
8. Do you have anything extra to do as a result of the work 
Not sure  
Notes: 
 
 
 
 
 
Costs and Savings 
This section is about the costs of the measure and potential savings as a result of the work. 
9. Have you spent any more money on the installation or any making good since the last 
interview? 
Yes: No: 
How much? 
 
 
 
 
 
 
 
 
 
 
 
What for? 
 
10. Have you noticed any difference in your fuel bills this year? 
Yes 
 
 
 
 
 
 
 
 
No Unsure 
 
11. Do you now think this measure will save you money in the long term? 
No 
 
 
 
Yes 
 
12. If yes, do you now have any idea what these savings will be from now? 
No            per month              per year         over 10 yrs            over 20 yrs 
Notes: 
 
 
 
 
 
 
Energy 
This section is about your energy use following the installation. 
13. Please remind me of the make and model of your boiler: 
 
 
14. What do you now do to control your heating? 
No timer or thermostatic control of temperature  
Programmer, no room thermostat  
Room thermostat only  
Programmer and room thermostat  
Programmer and at least two room thermostats  
programmer, room thermostats and TRVs  
TRVs and bypass  
programmer, TRVs ad bypass  
Programmer TRVs and flow switch  
Programmer, TRVs and boiler energy manager  
Time and temperature zone control  
Notes: 
 
 
 
 
 
 
15. When is your heating usually on over this winter? 
Time Days Mon Tue Wed Thu Fri Sat Sun 
Overnight        
Morning        
Lunchtime        
Evening        
Night-time        
        
 
16. What temperature is your thermostat usually set now? (oC) 
15 16 17 18 19 20 21 22 23 24 25 26 27 
Other: 
 
 
 
 
 
 
17. Do you or other people in your house ever change the temperature settings? 
Yes No Sometimes Unsure 
Comments: 
 
 
 
 
 
 
18. If yes, why? 
Too cold Too 
warm 
Saving fuel To dry clothes as the weather changes varying thermal 
comfort levels 
Notes: 
 
 
 
 
 
 
 
19. Do you use every radiator? 
Yes  No  Sometimes  unsure  
20. If no: Which rooms are not on? Dining room Utility WC 
Spare 
bedrooms: 
Attic 
conversion: 
Other: 
21. Are these rooms used? Yes No Sometimes 
Notes: 
 
 
 
 
22. How do you control the radiators? 
TRVs  on/off  Other  unsure  
 
23. Do you find the whole system easy to use? 
Yes  No  Sometimes  unsure  
Notes: 
 
 
 
24. Have you used any other ways of heating the home this year? (circle all that apply) 
No Make and model 
Gas fire  
 
Oil room heater  
 
solid fuel room heater  
 
Electric  
 
Other/notes: 
 
 
 
 
 
25. How would you now rate the energy performance of your home?  
Excellent Good Reasonable Poor 
Notes: 
 
 
26. Do you now know the energy rating of your home?  
A B C D E F G 
Notes: 
 
 
Comfort 
These questions will cover comfort in the home and whether this has changed since last year. 
27. Do you think any of these factors are now a particular issue in your home? 
Condition  
Air quality  
 
 
Temperature/thermal comfort  
 
 
Acoustics/acoustic comfort  
 
 
Aesthetics  
 
 
 
Flash cards + marking cold spots on plans 
28. Have you noticed a big difference in your comfort since last year?  
 
 
 
 
 
 
 
29. Could you tell me which rooms are the warmest? 
Notes: 
 
 
 
 
 
 
30. Thinking back to the coldest spell in winter, how did you maintain comfort? 
Turn the 
heating up 
Thermostat 
temp up 
Extra 
heat 
source 
clothing warm 
drinks 
hot water bottle changing 
routine 
Notes: 
 
 
 
 
31. How about the hottest spells of summer? (if work carried out before the end) 
windows 
open 
motor fan less clothing cold drinks move less hand fan 
Notes: 
 
 
 
32. How many layers do you typically wear indoors in the winter? 
 
 
 
 
33. Are the other occupants similar? 
 
 
 
 
 
 
 
34. Do you still ventilate the house in the same way? 
Windows trickle vents mechanical ventilation system extractor fans 
Notes: 
 
a) How often do you open the 
windows? 
 
 
 
 
 
b) Does this change in winter? 
 
 
 
 
c) And summer?  
 
 
 
35. Do you now have problems with condensation, damp or excess moisture? 
Condensation Rising damp  Penetrating damp Excess moisture 
a) If so, which room? (mark on sketch) 
 
b) Does this change in winter? 
 
 
 
c) And summer? 
 
 
36. Have you noticed any other differences since the installation? 
 
Temp, draughts, damp etc 
 
 
 
 
 
 
 
Recommendations 
This section is for overall reflection and recommendations you may have for the whole process. 
37. What do you feel could have gone better in the installation process? 
 
 
 
 
 
 
 
 
 
 
38. Could anything have made it easier for you? 
 
 
 
 
 
 
 
 
39. What are you most satisfied with? 
 
 
 
 
 
 
 
 
 
 
40. What are you most dis-satisfied with? 
 
 
41. Has anything exceeded your expectations? 
 
 
42. What, if anything, has surprised you? 
 
 
43. What have you learnt from this installation? 
 
 
44. Do you have any final comments or questions on anything we have talked about? 
 
 
 
 
 
 
 
 
Thank you for your time, it really is greatly appreciated. I now have a multiple choice form which I 
would be pleased if you could take the time to answer. Perhaps whilst I take the data from your 
sensors. I hope to leave the sensors here until your final air permeability test in May.  
 Boiler model:  
 
 
 
Depth of loft 
insulation 
 
 
 
 
Number of energy 
efficient light 
bulbs 
 
 
 
 
Gas and electricity costs 
Gas Electricity  
monthly quarterly pre-payment monthly quarterly pre-payment 
      
Notes: 
 
 
Unit prices 
Gas  Electricity  
Notes: 
 
 
 
Appendix 10: Categorising Survey 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This section is to help me in categorising my study cases (you!). Please answer the below questions if you are happy 
to, or leave blank if you would prefer not to. 
What is your occupation? 
A 
 
B 
 
What is the total household income (before tax)? 
Per week Tick one Per year 
Nil or loss  Nil or loss 
£1 to £79  £1 to £3,999 
£80 to £149  £4,000 to £7,999 
£150 to £229  £8,000 to £11,999 
£230 to £329  £12,000 to £16,999 
£330 to £459  £17,000 to £23,999 
£460 to £709  £24,000 to £36,999 
£710 or £849  £37,000 to £43,999 
£850 to £1,099  £44,000 to £56,999 
£1,010 to £1,299  £57,000 to £66,999 
£1,300 to £1,429  £67,000 to £73,999 
£1,430 to £1,669  £74,000 to £86,999 
£1,670 to £1,929  £87,000 to £100,000 
£1,930 or more  £100,000 or more 
 
What is your highest formal education level? A B 
GCSE (or equivalent)    
A-level   
Degree   
Post-graduate   
 
Please take some time to consider each statement below and tick whether you strongly agree, tend to agree, neither agree nor 
disagree, tend to disagree or strongly disagree. 
 Strongly 
agree 
Tend to 
agree 
Neither agree 
nor disagree 
Tend to 
disagree 
Strongly 
disagree 
We are approaching the limit of the number the earth can support      
Humans have the right to modify the natural environment to suit their needs      
When humans interfere with nature it often produces disastrous consequences      
Human ingenuity will ensure that we do not make the earth unliveable      
Humans are severely abusing the environment      
The earth has plenty of natural resources if we just learn how to develop them      
Plants and animals have as much right as humans to exist      
The balance of nature is strong enough to cope with the impact of modern 
industrial norms 
     
Despite our special abilities, humans are still subject to the laws of nature      
The so-called ‘ecological crisis’ facing human kind has been greatly exaggerated      
The earth is like a spaceship with very limited room and resources      
Humans were meant to rule over the rest of nature      
The balance of nature is very delicate and easily upset      
Humans will eventually learn enough about how nature works to be able to control 
it  
     
If things continue on their present course, we will soon experience a major 
ecological catastrophe 
     
 
Please tick the statement which is most like you: 
 Tick one 
I do a couple of things to help the environment. I’d really like to do more, well as long as I saw others were.  
I think climate change is a big problem for us. I don’t think much about how much water or electricity I use, and I forget to turn 
things off…I’d like to do a bit more. 
 
Maybe there’ll be an environmental disaster, maybe not. Makes no difference to me, I’m just living life the way I want to.  
I think I do more than a lot of people. Still, going away is important, I’d find that hard to give up…well I wouldn’t, so carbon off-
setting would make me feel better. 
 
I think it’s important that I do as much as I can to limit my impact on the environment.  
I don’t know much about climate change. I can’t afford a car so I use public transport. I’d like a car though.  
‘Waste not, want not’ that’s important, you should live life thinking about what you are doing and using.  
 
Please take some time to consider each statement below and tick whether you do the action always, mostly, occasionally or never. 
 Always Mostly Occasionally Never 
Make compost out of kitchen waste     
Take cans to a can-bank or separate cans from rubbish so that they can be collected for 
recycling 
    
Take paper to a paper-bank or separate paper from rubbish so that it can be collected for 
recycling 
    
Take glass to a bottle bank or separate paper from rubbish so that it can be collected for 
recycling 
    
Deliberately use public transport, walk or cycle instead of using a car     
Avoid making unnecessary journeys (e.g. do fewer, bigger shopping trips)     
Buy locally produced food and drinks     
Buy locally produced organic food and drinks     
Order items online instead of making a journey to a shop     
Limit the amount of journeys you make by air     
Turn electrical items off standby when not in use     
Buy energy efficient products (e.g. light bulbs, washing machines)     
Put on a jumper instead of turning up the heating     
Turn lights off when not in use     
Make meals from scratch rather than ready-to-eat meals     
Wait until the washing machine is full before running a wash cycle     
Reduce the amount of water used in flushing the toilet     
Buy a particular product because it has less packaging     
Use a concentrated washing powder, or concentrated liquid or tablets in your washing 
machine 
    
Buy water efficient appliances (e.g. washing machines, dishwashers – if you live in rented 
accommodation and have such appliances provided please leave blank) 
    
Use less water in the kettle when you boil it     
Buy environmentally friendly toilet roll and/or kitchen paper (e.g. recycled or non-bleached)     
Try to limit the amount of meat and meat products you buy     
Buy non-local organic food (e.g. buy food that is organic but not produced locally)     
Buy washing powders/liquids and household cleaners that are kinder to the environment     
 
Do you have a faith/religion? 
Yes No 
If yes, please state: 
 
 
 
 
 
Appendix 11: Example of a measured survey sketch 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Appendix 12: Example of measured air temperature data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Date Time Temp ©
5533 14/04/2013 00:00:00 14.314
5534 14/04/2013 00:05:00 14.29
5535 14/04/2013 00:10:00 14.266
5536 14/04/2013 00:15:00 14.266
5537 14/04/2013 00:20:00 14.242
5538 14/04/2013 00:25:00 14.242
5539 14/04/2013 00:30:00 14.218
5540 14/04/2013 00:35:00 14.218
5541 14/04/2013 00:40:00 14.194
5542 14/04/2013 00:45:00 14.194
5543 14/04/2013 00:50:00 14.17
5544 14/04/2013 00:55:00 14.17
5545 14/04/2013 01:00:00 14.146
5546 14/04/2013 01:05:00 14.146
5547 14/04/2013 01:10:00 14.122
5548 14/04/2013 01:15:00 14.122
5549 14/04/2013 01:20:00 14.122
5550 14/04/2013 01:25:00 14.098
5551 14/04/2013 01:30:00 14.098
5552 14/04/2013 01:35:00 14.098
5553 14/04/2013 01:40:00 14.074
5554 14/04/2013 01:45:00 14.074
5555 14/04/2013 01:50:00 14.074
5556 14/04/2013 01:55:00 14.05
5557 14/04/2013 02:00:00 14.05
5558 14/04/2013 02:05:00 14.05
5559 14/04/2013 02:10:00 14.05
5560 14/04/2013 02:15:00 14.026
5561 14/04/2013 02:20:00 14.026
5562 14/04/2013 02:25:00 14.026
5563 14/04/2013 02:30:00 14.002
5564 14/04/2013 02:35:00 14.002
5565 14/04/2013 02:40:00 14.002
5566 14/04/2013 02:45:00 14.002
5567 14/04/2013 02:50:00 14.002
5568 14/04/2013 02:55:00 13.978
5569 14/04/2013 03:00:00 13.978
5570 14/04/2013 03:05:00 13.978
5571 14/04/2013 03:10:00 13.978
5572 14/04/2013 03:15:00 13.954
5573 14/04/2013 03:20:00 13.954
5574 14/04/2013 03:25:00 13.954
5575 14/04/2013 03:30:00 13.954
5576 14/04/2013 03:35:00 13.954
5577 14/04/2013 03:40:00 13.93
5578 14/04/2013 03:45:00 13.93
5579 14/04/2013 03:50:00 13.93
5580 14/04/2013 03:55:00 13.93
5581 14/04/2013 04:00:00 13.906
5582 14/04/2013 04:05:00 13.906
5583 14/04/2013 04:10:00 13.906
5584 14/04/2013 04:15:00 13.906
5585 14/04/2013 04:20:00 13.906
5586 14/04/2013 04:25:00 13.906
5587 14/04/2013 04:30:00 13.906
5588 14/04/2013 04:35:00 13.906
5589 14/04/2013 04:40:00 13.882
5590 14/04/2013 04:45:00 13.882
Appendix 13: Example of gas meter readings 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gas
Pre m3
26/03/2013 14450 snow and cold 22-25/03/13
02/04/2013 14470 20 cold week and snow
05/04/2013 14474 4
11/04/2013 14488 14 warmer (here for a week)
16/04/2013 14497 9 warm weather, short bout of heating
23/04/2013 14502 5 minus cooking
52 38 432 kWh
3.98E+14
summertime
04/06/2013 14531
11/06/2013 14535 4 heating % of gas use
18/06/2013 14538 3 pre 73.07692
25/06/2013 14542 4 non-heating use (%) post 53.08311
02/07/2013 14545 3 pre post
14 26.92308 46.91689
73.07692 53.08311
post
04/03/2014 14840.16
11/03/2014 14850 9.84
18/03/2014 14855 5
25/03/2014 14862.7 7.7
01/04/2014 14870 7.3
29.84 29.84 15.84
Appendix 14: Example of an air-leakage test report 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Appendix 15: Example of a modified SAP model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAP 2009 9.90 v1.3 Septemb  
David Allinson, Department of Civil and Building Engineering, Loughborough University D.Allinson@lbor
Project: Please use and modify this worksheet in any way you like.
I am happy for it to be distributed as required.
I would appreciate appropriate acknowledgement.
Let me know if you spot any mistakes.
Cells that require an input are shown as:
v1.2 corrects an error in calculation of Th2 from Table 9 in section 7
v1.3 corrects an error where September was included in the space heating requirement (but didn't change the final result)
1. Overall dwelling dimensions
Area (m2) Average storey height (m) Volume (m3)
Basement (1a) x (2a) = 0.000
Ground floor 43.825 (1b) x 2.5 (2b) = 109.563
First floor 43.825 (1c) x 2.65 (2c) = 116.136
Second floor (1d) x (2d) = 0.000
Third floor (1e) x (2e) = 0.000
Other floors (repeat as necessary) (1n) x (2n) = 0.000
Total floor area TFA  Σ (1a) . . . (1n) = 87.650 (4)
Dwelling volume  Σ (3a) . . . (3n) = 225.699
2. Ventilation rate
main heating secondary other total m3 per hour
Number of chimneys + + = 0 x 40 = 0
Number of open flues + + = 0 x 20 = 0
Number of intermittent fans 1 x 10 = 10
Number of passive vents x 10 = 0
Number of flueless gas fires x 40 = 0
Infiltration due to chimneys, fans, PSVs (6a) + (6b) + (7a) + (7b) + (7c) = 10 ÷ (5) = 0.044
If a pressurisation test has been carried out or is intended, proceed to (17), otherwisw continue from (9) to (16)
Number of storeys in the dwelling (ns)
Additional infiltration [(9) - 1] x 0.1 = -0.10
Structural infiltration: 0.25 for steel or timber frame or 0.35 for masonry construction
if both types of wall are present, use the value corresponding to the greater wall area 
(after deducting areas of openings); if equall use 0.35
If suspended wooden floor, enter 0.2 (unsealed) or 0.1 (sealed), else enter 0
If no draught lobby, enter 0.05, else enter 0
Percentage of windows and doors draught stripped %
Window infiltration 0.25 - [0.2 x (14) ÷ 100] = 0.250
Infiltration rate (8) + (10) + (11) + (12) + (13) + (15) = 0.194
Air permeability value, q50, expressed in cubic metres per hour per square metre of envelope area 6.43
If based on air permeability value, then (18) = [(17) ÷ 20] + (8), otherwisw (18) = (16) 0.366
Air permeability value applies if a pressurisation test has been done or a design or specified air permeability is being used
Number of sides on which dwelling is sheltered 2
Shelter factor (20) = 1 - [0.075 x (19)] = 0.850
Infiltration rate incorporating shelter factor (21) = (18) x (20) = 0.311
Air changes per ho
Infiltration rate modified for monthly wind speed:
Monthly average wind speed from Table 7
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(22)m = 1.6371 2.0685 1.6964 1.4825 1.2071 3.9 3.7 3.7 4.2 1.200824 1.6491 1.779
(22)1 (22)2 (22)3 (22)4 (22)5 (22)6 (22)7 (22)8 (22)9 (22)10 (22)11 (22)12 Σ(22)m 28.221
Wind Factor (22a)m = (22)m ÷ 4
(22a)m= 0.409 0.517 0.424 0.371 0.302 0.975 0.925 0.925 1.050 0.300 0.412 0.445
(22a)1 (22a)2 (22a)3 (22a)4 (22a)5 (22a)6 (22a)7 (22a)8 (22a)9 (22a)10 (22a)11 (22a)12 Σ(22a)m 7.055
Adjusted infiltration rate (allowing for shelter and wind speed) = (21) x (22a)m
(22b)m= 0.127 0.161 0.132 0.115 0.094 0.303 0.288 0.288 0.326 0.093 0.128 0.138
(22b)1 (22b)2 (22b)3 (22b)4 (22b)5 (22b)6 (22b)7 (22b)8 (22b)9 (22b)10 (22b)11 (22b)12 Σ(22b)m 2.194
Calculate effective air change rate for the applicable case:
If mechanical ventilation: air change rate through system
If exhaust air heat pump using Appendix N, (23b) = (23a) x F mv  (equation(N5)), otherwise (23b) = (23a)
If balanced with heat recovery: efficiency in % allowing for in-use factor (from table 4h) =
a) If balanced mechanical ventilation with heat recovery (MVHR)  (24a)m = (22b)m + (23b) x [1 - (23c) ÷ 100]
(24a)m= 0.127 0.161 0.132 0.115 0.094 0.303 0.288 0.288 0.326 0.093 0.128 0.138
(24a)1 (24a)2 (24a)3 (24a)4 (24a)5 (24a)6 (24a)7 (24a)8 (24a)9 (24a)10 (24a)11 (24a)12
b) If balanced mechanical ventilation without heat recovery (MV)  (24b)m = (22b)m + (23b)
(24b)m= 0.127 0.161 0.132 0.115 0.094 0.303 0.288 0.288 0.326 0.093 0.128 0.138
(24b)1 (24b)2 (24b)3 (24b)4 (24b)5 (24b)6 (24b)7 (24b)8 (24b)9 (24b)10 (24b)11 (24b)12
c) If whole house extract ventilation or positive input ventilation from outside
if (22b)m < 0.5 x (23b), then (24c) = (23b); otherwise (24c) = (22b)m + 0.5 x(23b)
(24c)m= 0.127 0.161 0.132 0.115 0.094 0.303 0.288 0.288 0.326 0.093 0.128 0.138
(24c)1 (24c)2 (24c)3 (24c)4 (24c)5 (24c)6 (24c)7 (24c)8 (24c)9 (24c)10 (24c)11 (24c)12
d) If natural ventilation or whole house positive input ventilation from loft
If (22b)m >= 1, then (24d)m = (22b)m; otherwise (24d)m = 0.5 + [(22b)m
2 x 0.5]
(24d)m= 0.508 0.513 0.509 0.507 0.504 0.546 0.541 0.541 0.553 0.504 0.508 0.510
(24d)1 (24d)2 (24d)3 (24d)4 (24d)5 (24d)6 (24d)7 (24d)8 (24d)9 (24d)10 (24d)11 (24d)12
Effective air change rate - enter (24a) or (24b) or (24c) or (24d) in box (25)
(25)m= 0.508 0.513 0.509 0.507 0.504 0.546 0.541 0.541 0.553 0.504 0.508 0.510
If Appendix Q applies in relation to air change rate, the effective air change rate is calculated via Appendix Q 
and use the following instead:
Effective air change rate from Appendix Q calculation sheet:
(25)m=
3. Heat losses and heat loss parameter
Items in the table below are to be expanded as necessary to allow for all different types of element e.g. 4 wall types.
The Κ-value is the heat capacity per unit area, see Table 1e
ELEMENT Gross area (m2) Openings (m2) Net area (m2) U-value (W/m2K) A x U (W/K) Κ-value (kJ/m2K) AxΚ (kJ/K)
Doors 3.7   x 3   = 11.100
Window * (Uvalue = 2 W/m2K) 18.89   x 1.852   = 34.981
Roof window* (Uvalue = 2 W/m2K)   x 1.852   = 0.000
Basement floor 0.000   x   = 0.000 0
Ground floor 43.825   x 0.658   = 28.835 0
Exposed floor   x   = 0.000 0
Basement wall - = 0.000   x   = 0.000 0
External wall 98.726 - 22.59 = 76.136   x 0.5   = 38.068 0
Roof - = 43.825   x 2.3   = 100.798 0
Total area of external elements ΣA, m2 186.376 (31)
Party wall 38.78   x 0.5   = 19.390 0
(party wall U-value from Table 3.6, Κ  according to its construction)
Party floor 0
Party ceiling 0
Internal wall ** 0
Internal floor 0
Internal ceiling 0
*for windows and roof windows, use effective window U-value calculated using formula 1/[(1/U-value) + 0.04] as given in paragraph 3.2
**include the areas on both sides of internal walls and partitions
Fabric heat loss, W/K = Σ(AxU) (26) . . . (30) +  (32) = 233.171
Heat capacity Cm = Σ(AxΚ) (28) . . . (30) +  (32) + (32a) . . . (32e) = 0
Thermal mass parameter (TMP = Cm ÷ TFA) in kJ/m
2K (34) ÷ (4) = 250.000
For design assessments where the details of the construction are not known precisely the indicative values of TMP in Table 1f can be
used instead of detailed calculatioon. Also TMP calculated seperately can be used in (35).
Thermal bridges:  Σ(L x Y) calculated using Appendix K 27.956
if details of thermal bridging are not known (36) = 0.15 x (31)
Total fabric heat loss (33) + (36) = 261.128
Ventilation heat loss calculated monthly (38)m = 0.33 x (25)m x (5)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(38)m = 37.843 38.203 37.888 37.735 37.568 40.663 40.321 40.321 41.210 37.565 37.852 37.952
(38)1 (38)2 (38)3 (38)4 (38)5 (38)6 (38)7 (38)8 (38)9 (38)10 (38)11 (38)12
Heat transfer coefficient, W/K (39)m = (37) + (38)m
(39)m = 298.971 299.331 299.016 298.863 298.696 301.791 301.449 301.449 302.338 298.693 298.980 299.080 Average = Σ(39)m
(39)1 (39)2 (39)3 (39)4 (39)5 (39)6 (39)7 (39)8 (39)9 (39)10 (39)11 (39)12 299.888
Heat loss parameter (HLP), W/m2K (40)m = (39)m ÷ (4)
(40)m = 3.411 3.415 3.411 3.410 3.408 3.443 3.439 3.439 3.449 3.408 3.411 3.412 Average = Σ(40)m
(40)1 (40)2 (40)3 (40)4 (40)5 (40)6 (40)7 (40)8 (40)9 (40)10 (40)11 (40)12 3.421
Number of days in month (Table 1a)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(41)m = 31 28 31 30 31 30 31 31 30 31 30 31
(41)1 (41)2 (41)3 (41)4 (41)5 (41)6 (41)7 (41)8 (41)9 (41)10 (41)11 (41)12
4. Water heating energy requirement kWh/year
Assumed occupancy, N 2 (42)
if TFA > 13.9, N = 1 + 1.76 x [1 - exp(-0.000349 x (TFA-13.9)2)] + 0.0013 x (TFA-13.9)
if TFA <= 13.9, N=1
Annual average hot water usage in litres per day Vd,average = (25 x N) + 36 86.00 (43)
Reduce the annual hot water usage by 5% if the dwelling is designhed to achieve a water use target of
not more than 125 litres per person per day (all water use, hot and cold)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Hot water usage in litres per day for each month Vd,m = factor from Table 1(c) x (43)
(44)m= 94.60 91.16 87.72 84.28 80.84 77.40 77.40 80.84 84.28 87.72 91.16 94.60
(44)1 (44)2 (44)3 (44)4 (44)5 (44)6 (44)7 (44)8 (44)9 (44)10 (44)11 (44)12 Σ(44)m 1032.00
Energy content of hot water used - calculated monthly = 4.190 x Vd,m x nm x ∆Tm / 3600 kWh/month (se Tables 1b, 1c, 1d)
(45)m= 140.625 122.991 126.916 110.648 106.170 91.616 84.896 97.420 98.583 114.889 125.410 136.188
(45)1 (45)2 (45)3 (45)4 (45)5 (45)6 (45)7 (45)8 (45)9 (45)10 (45)11 (45)12 Σ(45)m 1356.35
If instantaneous water heating at point of use (no water storage), enter "0" in boxes (46) to (61)
For community heating use Table 1(c) whether or not hot water tank is present
Distribution loss (46)m = 0.15 x (45)m
(46)m= 21.094 18.449 19.037 16.597 15.925 13.742 12.734 14.613 14.787 17.233 18.812 20.428
(46)1 (46)2 (46)3 (46)4 (46)5 (46)6 (46)7 (46)8 (46)9 (46)10 (46)11 (46)12
Water storage loss:
a) If manufacturer's declared loss factor is known (kWh/day): (47)
Temperature factor from Table 2b (48)
Energy loss from water storage, kWh/day (47) x (48) = 0.000 (49)
b) If manufacturer's declared cylinder loss factor is not known:
Cylinder volume (litres) including any solar storage within same cylinder 110 (50)
If community heating and no tank in dwelling, enter 110 litres in box (50)
Otherwise if no stored hot water (this includes instantaneous combi boilers) enter '0' in box (50)
Hot water storage loss factor from Table 2 (kWh/litre/day) 0.076 (51)
If community heating see section 4.3
Volume factor from Table 2a 1.03 (52)
Temperature factor from Table 2b 0.78 (53)
Energy lost from water storage, kWh/day (50) x (51) x (52) x (53) = 6.716 (54)
Enter (49) or (54) in (55) 6.716 (55) 
Water storage loss calculated for each month (56)m = (55) x (41)m
(56)m= 208.209 188.060 208.209 201.493 208.209 201.493 208.209 208.209 201.493 208.209 201.493 208.209
(56)1 (56)2 (56)3 (56)4 (56)5 (56)6 (56)7 (56)8 (56)9 (56)10 (56)11 (56)12
If cylinder contains dedicated solar storage, (57)m = (56)m x [(50) - (H11)] ÷ (50), else (57)m = (56)m where (H11) is from Appendix H
(57)m=
(57)1 (57)2 (57)3 (57)4 (57)5 (57)6 (57)7 (57)8 (57)9 (57)10 (57)11 (57)12
Primary circuit loss (annual) from Table 3 1220 (58)
Primary circuit loss for each month (59)m = (58) ÷ 365 x (41)m
(modified by factor from Table H5 if there is solar water heating and a cylinder thermostst)
(59)m= 103.616 93.589 103.616 100.274 103.616 100.274 103.616 103.616 100.274 103.616 100.274 103.616
(59)1 (59)2 (59)3 (59)4 (59)5 (59)6 (59)7 (59)8 (59)9 (59)10 (59)11 (59)12
31 28 31 30 31 30 31 31 30 31 30 31
Combi loss for each month from Table 3a, 3b or 3c (enter "0" if not a combi boiler)
(61)m= 50.959 46.027 50.959 49.315 50.959 49.315 50.959 50.959 49.315 50.9589 49.315 50.959
(61)1 (61)2 (61)3 (61)4 (61)5 (61)6 (61)7 (61)8 (61)9 (61)10 (61)11 (61)12
Total heat required for water heating calculated for each month (62)m = 0.85 x (45)m + (46)m + (57)m + (59)m + (61)m
(62)m= 295.200 262.608 281.491 260.237 260.745 241.205 239.471 251.995 248.172 269.464 274.999 290.763
(62)1 (62)2 (62)3 (62)4 (62)5 (62)6 (62)7 (62)8 (62)9 (62)10 (62)11 (62)12
Solar DHW input calculated using Appendix G or H (negative quantity) (enter "0" if no solar contribution towater heating)
(add additional lines if FGHRS and/or WWHRS applies, see appendix G)
(63)m=
(63)1 (63)2 (63)3 (63)4 (63)5 (63)6 (63)7 (63)8 (63)9 (63)10 (63)11 (63)12
Output from water heating, kWh/month (64)m =  (62)m + (63)m
(64)m= 295.200 262.608 281.491 260.237 260.745 241.205 239.471 251.995 248.172 269.464 274.999 290.763
(64)1 (64)2 (64)3 (64)4 (64)5 (64)6 (64)7 (64)8 (64)9 (64)10 (64)11 (64)12
If (64)m < 0 then set to 0 Total per year (kWh/year) = Σ(64)m 3176.352
Heat gains from water heating, kWh/month (65)m = 0.25 x [0.85 x (45)m + (61)m] + 0.8 x [(46)m + (57)m + (59)m] 
(65)m= 142.391 127.273 137.832 129.339 130.934 123.010 123.861 128.025 125.327 133.833 134.247 140.915
(65)1 (65)2 (65)3 (65)4 (65)5 (65)6 (65)7 (65)8 (65)9 (65)10 (65)11 (65)12
Include (57) m  in calculation of (65) m  only if cylinder is in the dwelling or hot water is from community heating
5. Internal gains (see Table 5 and 5a)
Metabolic gains (Table 5), Watts
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(66)m= 120 120 120 120 120 120 120 120 120 120 120 120
(66)1 (66)2 (66)3 (66)4 (66)5 (66)6 (66)7 (66)8 (66)9 (66)10 (66)11 (66)12
Lighting gains (calculated in Appendix L, equation L9 or L9a), also see Table 5
(67)m= 20.390 18.111 14.729 11.150 8.335 7.037 7.604 9.883 13.265 16.844 19.659 20.957
(67)1 (67)2 (67)3 (67)4 (67)5 (67)6 (67)7 (67)8 (67)9 (67)10 (67)11 (67)12
Appliances gains (calculated in Appendix L, equation L13 or L13a), also see Table 5
(68)m= 207.680 209.835 204.404 192.843 178.249 164.532 155.369 153.214 158.645 170.206 184.800 198.516
(68)1 (68)2 (68)3 (68)4 (68)5 (68)6 (68)7 (68)8 (68)9 (68)10 (68)11 (68)12
Cooking gains (calculated in Appendix L, equation L15 or L15a), also see Table 5
(69)m= 49.000 49.000 49.000 49.000 49.000 49.000 49.000 49.000 49.000 49.000 49.000 49.000
(69)1 (69)2 (69)3 (69)4 (69)5 (69)6 (69)7 (69)8 (69)9 (69)10 (69)11 (69)12
Pumps and fans gains (Table 5a)
(70)m= 10 10 10 10 10 10 10 10 10 10 10 10
(70)1 (70)2 (70)3 (70)4 (70)5 (70)6 (70)7 (70)8 (70)9 (70)10 (70)11 (70)12
Losses e.g. evaporation (negative values) (Table 5)
(71)m= -80 -80 -80 -80 -80 -80 -80 -80 -80 -80 -80 -80
(71)1 (71)2 (71)3 (71)4 (71)5 (71)6 (71)7 (71)8 (71)9 (71)10 (71)11 (71)12
Water heating gains (Table 5)
(72)m= 191.385 189.394 185.259 179.637 175.987 170.848 166.480 172.076 174.065 179.884 186.454 189.402
(72)1 (72)2 (72)3 (72)4 (72)5 (72)6 (72)7 (72)8 (72)9 (72)10 (72)11 (72)12
Total internal gains = (66)m + (67)m + (68)m + (69)m + (70)m + (71)m + (72)m
(73)m= 518.455 516.339 503.391 482.630 461.571 441.417 428.452 434.174 444.975 465.933 489.913 507.876
(73)1 (73)2 (73)3 (73)4 (73)5 (73)6 (73)7 (73)8 (73)9 (73)10 (73)11 (73)12
6. Solar gains
Solar gains calculated using solar flux (Table 6a) and associated equations to convert to the applicable orientation. Latitude 53.4
Horizontal solar radiation, W/m2
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
104.05 52.135 104.21 130.17 168.73 201 194 164 116 57.469 24.031 18.259
Solar declination, degrees
-20.7 -12.8 -1.8 9.8 18.8 23.1 21.2 13.7 2.9 -8.7 -18.4 -23.0
Calculation constants for each month
A 0.940 0.808 0.667 0.571 0.534 0.529 0.530 0.551 0.621 0.750 0.899 0.984
B -0.704 -0.526 -0.324 -0.168 -0.088 -0.062 -0.072 -0.129 -0.254 -0.445 -0.649 -0.761
C 0.176 0.095 0.012 -0.038 -0.051 -0.049 -0.050 -0.047 -0.013 0.060 0.151 0.203
Vertical flux, W/m2, for each window orientation, °
East 90 79.53 37.19 68.25 79.33 98.77 116.05 112.64 98.03 73.60 39.64 17.99 14.253
West 270 79.53 37.19 68.25 79.33 98.77 116.05 112.64 98.03 73.60 39.64 17.99 14.253
North 0 42.93 19.66 36.93 47.42 66.79 84.09 79.12 61.56 41.09 20.97 9.63 7.777
South 180 189.38 74.52 104.49 91.22 96.40 108.90 107.14 103.88 99.99 72.08 40.83 35.553
<?>
Access factor Area g⊥ FF
Other factors Table 6d m2 Table 6b Table 6c Factor
East 0.77 x 8.91 x 0.9 x 0.72 x 0.7   = 3.112
West 0.77 x 9.99 x 0.9 x 0.72 x 0.7   = 3.489
North x x 0.9 x x   = 0.000
South x x 0.9 x x   = 0.000
<?> x x 0.9 x x   = 0.000
Solar gains in watts, calculated for each month Σ[Factor x Flux]
(83)m= 524.974 245.490 450.567 523.663 651.981 766.088 743.575 647.150 485.876 261.699 118.768 94.089 245.830
(83)1 (83)2 (83)3 (83)4 (83)5 (83)6 (83)7 (83)8 (83)9 (83)10 (83)11 (83)12
Total gains: internal and solar (84)m = (73)m + (83)m, watts
(84)m= 1043.429 761.829 953.959 1006.294 1113.552 1207.505 1172.027 1081.323 930.851 727.632 608.681 601.965
7. Mean internal temperature
Temperature during heating periods in the living area from Table 9, Th1 (°C) 21
Utilisation factor for gains for living area, η1,m (see Table 9a)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(86)m= 0.968 0.989 0.977 0.921 0.945 0.843 0.720 0.746 0.906 0.973 0.993 0.993
(86)1 (86)2 (86)3 (86)4 (86)5 (86)6 (86)7 (86)8 (86)9 (86)10 (86)11 (86)12
Responsiveness of main heating system (see Table 4a or 4d) R = 1.0
Mean internal temperature in living area T1 (follow steps 3 to 7 in Table 9c)
(87)m= 18.745 17.965 18.460 19.881 19.350 20.309 20.703 20.676 20.107 19.268 17.924 17.893
(87)1 (87)2 (87)3 (87)4 (87)5 (87)6 (87)7 (87)8 (87)9 (87)10 (87)11 (87)12
Heating control (Table 4e) 2
Temperature during heating periods in rest of dwelling from Table 9, Th2 (°C)
(88)m= 18.578 18.576 18.578 18.579 18.579 18.565 18.566 18.566 18.562 18.579 18.578 18.577
(88)1 (88)2 (88)3 (88)4 (88)5 (88)6 (88)7 (88)8 (88)9 (88)10 (88)11 (88)12
Utilisation factor for gains for rest of dwelling, η2,m (see Table 9a)
(89)m= 0.953 0.984 0.967 0.854 0.912 0.698 0.393 0.420 0.804 0.952 0.990 0.990
(89)1 (89)2 (89)3 (89)4 (89)5 (89)6 (89)7 (89)8 (89)9 (89)10 (89)11 (89)12
Mean internal temperature in the rest of the dwelling T2 (follow steps 3 to 7 in Table 9c)
(90)m= 16.860 16.089 16.580 17.958 17.450 18.297 18.535 18.530 18.154 17.385 16.050 16.019
(90)1 (90)2 (90)3 (90)4 (90)5 (90)6 (90)7 (90)8 (90)9 (90)10 (90)11 (90)12
Living area fraction (Living area = 13.32 m2) fLA = Living Area ÷ (4) = 0.152
Mean internal temperature (for the whole dwelling) = fLA x T1 + (1 - fLA) x T2
(92)m= 17.1469 16.3742 16.8652 18.2499 17.7389 18.6029 18.8641 18.8558 18.451 17.671119 16.3351 16.3039
(92)1 (92)2 (92)3 (92)4 (92)5 (92)6 (92)7 (92)8 (92)9 (92)10 (92)11 (92)12
Apply adjustment to the mean internal temperature from Table 4e, where appropriate Temperature adjustment =
(93)m= 16.64 16.03 16.40 17.88 17.23 18.894 21.994 21.149 18.098 17.41551 16.106 16.079
(93)1 (93)2 (93)3 (93)4 (93)5 (93)6 (93)7 (93)8 (93)9 (93)10 (93)11 (93)12
8. Space heating requirement
Set Ti to the mean internal temperature obtained at step 11 of Table 9b, so that Ti,m=(93)m and recalculate the
utilisation factor for gains using Table 9a
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Utilisation factor for gains, ηm : (see separate workesheet)
(94)m= 0.93085 0.97497 0.95015 0.82038 0.88055 0.72537 0.78892 0.75793 0.77034 0.9343939 0.98367 0.98433
(94)1 (94)2 (94)3 (94)4 (94)5 (94)6 (94)7 (94)8 (94)9 (94)10 (94)11 (94)12
Useful gains, ηmGm, W =(94)m x (84)m
(95)m= 971.28 742.76 906.40 825.54 980.54 875.88 924.64 819.57 717.07 679.89 598.74 592.53
(95)1 (95)2 (95)3 (95)4 (95)5 (95)6 (95)7 (95)8 (95)9 (95)10 (95)11 (95)12
Monthly average external temperature from Table 8
(96)m= 7.7 5.1 6.7 13.0 10.2 14.6 16.9 16.9 14.3 11.0 5.4 5.3
(96)1 (96)2 (96)3 (96)4 (96)5 (96)6 (96)7 (96)8 (96)9 (96)10 (96)11 (96)12
Heat loss rate for mean internal temperature, Lm, W =(39)m x [(93)m - (96)m]
(97)m= 2676.75 3267.44 2904.98 1468.25 2099.41 1295.93 1535.61 1280.78 1148.38 1918.41 3193.68 3220.32
(97)1 (97)2 (97)3 (97)4 (97)5 (97)6 (97)7 (97)8 (97)9 (97)10 (97)11 (97)12
Space heating requirement for each month, kWh/month =0.024 x [(97)m - (95)m] x (41)m
(98)m= 1268.87 1696.58 1486.94 462.75 832.44 302.43 454.56 343.14 310.54 921.45 1868.36 1955.08
(98)1 (98)2 (98)3 (98)4 (98)5 (98)6 (98)7 (98)8 (98)9 (98)10 (98)11 (98)12
Total per year (kWh/year) =  Σ(98)1…5,10…12 = 10492.46
Space heating requirement in kWh/m2/year (98) ÷ (4) = 119.71
For range cooker boilers where efficiency is obtained from the Boiler Efficiency Database or manufacturer's declared value, multiply the result in (98)m by 
(1-Fcase/Fwater) where Fcase is the heat emission from the case of the range cooker at full load (in kW); and Fwater is the heat transferred to water at
full load (in kW). Fcase and Fwater are obtained from the database record for the range cooking boiler or manufacturer's declared value.
8c. Space cooling requirement
Calculated for June, July and August. See Table 10b
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Heat loss rate Lm (calculated using 24°C internal temperature and external temperature from Table 10)
(100)m= 7242.98 7234.77 7234.77
(100)6 (100)7 (100)8
Utilisation factor for loss ηm
(101)m= 0.06 0.06 0.06
(101)6 (101)7 (101)8
Useful loss, ηmLm (Watts) =(100)m x (101)m
(102)m= 451.34 439.28 448.38
(102)6 (102)7 (102)8
Gains (internal gains as for heating except that column (A) of Table 5 is always used; solar gains calculated for
applicable weather region based on Table 10, not Table 6a)
(103)m= 451.972 439.857 448.999
(103)6 (103)7 (103)8
Space cooling requirement for each month, whole dwelling, continuous (kWh) =0.024 x [(103)m - (102)m] x (41)m
set (104)m to zero if (104)m < 2 x (98)m with (98)m calculated using weather data from Table 10
(104)m= 0.00 0.00 0.00 0.00 0.00 325.38 327.21 334.01 0.00 0.00 0.00 0.00
(104)6 (104)7 (104)8
Total = Σ(104)6...8 = 986.59
Cooled fraction (Cooled area = m2) fc = cooled area ÷ (4) = 0.000
Intermittency factor (Table 10)
(106)m= 0.25 0.25 0.25
(106)6 (106)7 (106)8
Total = Σ(106)6...8 = = 0.75
Space cooling requirement for month = (104)m x (105) x (106)m
(107)m= 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
(107)6 (107)7 (107)8
Total = Σ(107)6...8 = 0.000
Space cooling requirements in kWh/m2/year (107) ÷ (4) = 0.000
8f. Fabric Energy Efficiency
Fabric Energy efficiency (99) + (108) = 119.709
9a. Energy requirements - Individual heating systems, including micro-CHP
For any sapce heating, space cooling or water heating provided by community heating, use the alternative SAP worksheet 9b.
Space heating:
Fraction of space heat from secondary/supplementary system (Table 11) "0" if none 0
Fraction of heating from main system(s) (202) = 1 - (201) = 1.00
Fraction of main heating from main system 2 if no second main system enter "0" 0
Fraction of total space heat from main system 1 (204) = (202) x [1 - (203)] = 1.00
Fraction of total space heat from main system 2 (205) = (202) x (203) = 0.00
Efficiency of main heating system 1 (in %) 89
(from database or Table 4a/4b, adjusted where appropriate by the amount shown in the
 'space efficiency adjustment' column of Table 4c; for gas and oil boilers see 9.2.1)
If there is a second main system complete (207)
Efficiency of main space heating system 2 (in %) 100
(from database or Table 4a/4b, adjusted where appropriate by the amount shown in the
 'space efficiency adjustment' column of Table 4c; for gas and oil boilers see 9.2.1)
Efficiency of secondary/supplementary heating system, % (rom Table 4a or Appendix E) 100
Cooling System Energy ratio (see table 10c) 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec kWh/year
Space heating requirement (calculated above)
1268.87 1696.58 1486.94 462.75 832.44 0.00 0.00 0.00 0.00 921.45 1868.36 1955.08
(98)1 (98)2 (98)3 (98)4 (98)5 (98)10 (98)11 (98)12
Space heating fuel (main system 1), kWh/month (211)m = (98)m x (204) x 100 ÷ (206)
(211)m= 1425.69 1906.27 1670.72 519.94 935.32 0.00 0.00 0.00 0.00 1035.34 2099.28 2196.72
(211)1 (211)2 (211)3 (211)4 (211)5 (211)9 (211)10 (211)11 (211)12
Total = Σ(211)1…5, 10…12 = 11789.28
Space heating fuel (main system 2), kWh/month (213)m = (98)m x (203) x 100 ÷ (207)
(213)m= 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(213)1 (213)2 (213)3 (213)4 (213)5 (213)9 (213)10 (213)11 (213)12
Total = Σ(213)1…5, 10…12 = 0.00
Space heating fuel (secondary), kWh/month (215)m = (98)m x (201) x 100 ÷ (208)
(215)m= 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(215)1 (215)2 (215)3 (215)4 (215)5 (215)9 (215)10 (215)11 (215)12
Total = Σ(215)1…5, 10…12 = 0.00
Water heating:
Output from water heater (calculated above)
295.20 262.61 281.49 260.24 260.75 241.21 239.47 251.99 248.17 269.46 275.00 290.76
(64)1 (64)2 (64)3 (64)4 (64)5 (64)6 (64)7 (64)8 (64)9 (64)10 (64)11 (64)12
Efficiency of water heater, % 89
(From database or Table 4a/4b, adjusted where appropriate by the amount shown in the 'DHW efficiency adjustment' column of
Table 4c, for gas and oil boilers use the summer efficiency, see 9.2.1)
If water heating by hot-water-only boiler, (217)m = value from database record for boiler or Table 4a
otherwise if gas/oil boiler main system used for water heating, (217) m  = value calculated each month using equation (8) in section 9.2.1
otherwise if separate hot water only heater (including immersion) (217) m  = (216)
(217)m= 89 89 89 89 89 89 89 89 89 89 89 89
(217)1 (217)2 (217)3 (217)4 (217)5 (217)6 (217)7 (217)8 (217)9 (217)10 (217)11 (217)12
Fuel for water heating, kWh/month (219)m = (64)m x 100 ÷ (217)m
(219)m= 331.69 295.06 316.28 292.40 292.97 271.02 269.07 283.14 278.85 302.77 308.99 326.70
(219)1 (219)2 (219)3 (219)4 (219)5 (219)6 (219)7 (219)8 (219)9 (219)10 (219)11 (219)12
Total = Σ(219)1…12 = 3568.93
(for a DHW-only community scheme use (305), (306) and (310a) or 310)b, with (304a) = 1.0 or (304b)=1.0), instead of 219))
Space cooling:
Space cooling fuel, kWh/month (221)m = (107)m ÷ (209)
(221)m= 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(221)1 (221)2 (221)3 (221)4 (221)5 (221)6 (221)7 (221)8 (221)9 (221)10 (221)11 (221)12
Annual totals kWh/year kWh/year
Space heating fuel used, main system 1 11789.28
Space heating fuel used, main system 2 0.00
Space heating fuel used, secondary 0.00
Water heating fuel used 3568.93
Space cooling fuel used (if there is a fixed cooling system, if not enter 0) 0.00
Electricity for pumps, fans and electric keep hot (Table 4f)
mechanical ventilation fans - balanced, extract or positive input from outside
warm air heating system fans
central heating pump 130
oil boiler pump
boiler flue fan 45
maintaining electric keep-hot facility for gas combi-boiler
pump for solar water heating
Total electricity for the above, kWh/year Σ(230a) . . . (230g) = 175
Electricity for lighting (calculated in Appendix L) 360.10
Energy saving/generation technologies (Appendices M, N and Q)
Electricity generated by PVs (Appendix M) (negative quantity)
Electricity generated by wind turbine (Appendix M) (negative quantity)
Electricity used or net electricity generated by micro-CHP (Appendix N) (negative if net generation)
Appendix Q items: annual energy (items not already included on a monthly basis) Fuel kWh/year
Appendix Q, <item 1 description>
energy saved or generated (enter as a negative quantity)
energy used (positive quantity)
Appendix Q, <item 2 description>
energy saved or generated (enter as a negative quantity)
energy used (positive quantity)
(continue this list if additional items)
10a. Fuel costs - individual heating systems includinh micro-CHP
Fuel Fuel price Fuel cost
kWh/year (Table 12) £/p £/year
Space heating - main system 1 (211) 11789.28 x 3.48 x 0.01 = 410.27
Space heating - main system 2 (213) 0.00 x x 0.01 = 0.00
Space heating - secondary (215) 0.00 x x 0.01 = 0.00
Water heating (electric off-peak tariff)
High rate fraction (Table 13, or Appendix F for electric CPSUs)
Low rate fraction 1.0 - (243) = 1
High rate cost (219) x (243) 0 x x 0.01 = 0.00
Low rate cost (219) x (244) 3568.93 x x 0.01 = 0.00
Water heating cost (other fuel) (219) 3568.93 x 3.48 x 0.01 = 124.20
(for a DHW-only community scheme use (342a) or (342b) instead of (247))
Space cooling (221) 0.00 x x 0.01 = 0.00
Pumps, fans and electric keep hot (231) 175.00 x 13.19 x 0.01 = 23.08
(if off-peak tariff, list each of (230a) to (230g) seperately as applicable and apply fuel price according to Table 12a
Energy for lighting (232) 360.10 x 13.19 x 0.01 = 47.50
Additional standing charges (Table 12) 174
Energy saving/generation technologies
Electricity generated by PVs (233) 0.00 x x 0.01 = 0.00
Electricity generated by wind turbine (234) 0.00 x x 0.01 = 0.00
Electricity used/net generated by micro-CHP (235) 0.00 x x 0.01 = 0.00
Appendix Q items: repeat lines (253) and (254) as needed
<item 1 description>, energy saved (236a) 0.00 x x 0.01 = 0.00
<item 1 description>, energy used (237a) 0.00 x x 0.01 = 0.00
Total energy cost (240) . . . (242) + (245) . . . (254) = 779.05
11a. SAP rating  - individual heating systems including micro-CHP
Energy cost deflator (Table 12): 0.42
Energy cost factor (ECF) [(255) x (256)] ÷ [(4) + 45.0] = 2.467
SAP rating (section 13) ECF < 3.5 then (258) = 100 - 13.95 x ECF or ECF = >3.4 then (258) = 117 - 121 x log10(ECF) 66
12a. CO2 emissions  - individual heating systems including micro-CHP
Energy Emission factor Emissions
kWh/year kgCO2/kWh kg CO2/year
Space heating - main system 1 (211) 11789.28 x 0.216 = 2546.48
Space heating - main system 2 (213) 0.00 x = 0.00
Space heating - secondary (215) 0.00 x = 0.00
Energy for water heating (219) 3568.93 x 0.216 = 770.89
(for a DHW-only community scheme use (361) to (373) instead of (264))
Space and water heating 3317.37
Space cooling (221) 0.00 x = 0.00
Electricity for pumps, fans and electric keep hot (231) 175.00 x 0.519 = 90.83
Electricity for lighting (232) 360.10 x 0.519 = 186.89
Energy saving/generation technologies
Electricity generated by PVs (233) 0.00 x = 0.00
Electricity generated by wind turbine (234) 0.00 x = 0.00
Electricity used or net electricity generated by micro-CHP (235) 0.00 x = 0.00
Appendix Q items: repeat lines (270) and (271) as needed
<item 1 description>, energy saved (236a) 0.00 x = 0.00
<item 1 description>, energy used (237a) 0.00 x = 0.00
Total CO2, kg/year Σ(265) . . . (271) = 3595.09
Dwelling CO2 Emission Rate (272) ÷ (4) = 41.02
CF (272) ÷ [(4) + 45] = 27.10
EI rating (section 14) CF < 28.3 then EI = 100 - 1.34 x CF or  CF>= 28.3 then EI = 200 - 95 x log10(CF) 64
13a. Primary energy  - individual heating systems including micro-CHP
Same as 12a using primary energy factor instead of CO2 emission factor to give primary energy in kWh/year
Energy P.e. factor Primary energ
kWh/year kWh/kWh kWh/year
Space heating - main system 1 11789.28 x 1.22 = 14382.92
Space heating - main system 2 0.00 x = 0.00
Space heating - secondary 0.00 x = 0.00
Energy for water heating 3568.93 x 1.22 = 4354.10
(for a DHW-only community scheme use (361) to (373) instead of (264))
Space and water heating 18737.02
Space cooling 0.00 x = 0.00
Electricity for pumps, fans and electric keep hot 175.00 x 3.07 = 537.25
Electricity for lighting 360.10 x 3.07 = 1105.51
Energy saving/generation technologies
Electricity generated by PVs 0.00 x = 0.00
Electricity generated by wind turbine 0.00 x = 0.00
Electricity used or net electricity generated by micro-CHP 0.00 x = 0.00
Appendix Q items: repeat lines (270) and (271) as needed
<item 1 description>, energy saved 0.00 x = 0.00
<item 1 description>, energy used 0.00 x = 0.00
Total Primary energy, kWh/year Sum = 20379.78
Dwelling Primary energy rate, kWh/m2/year sum ÷ (4) = 232.51
Appendix 16: Summary of case study households 
 
 
  Table 1. Study participatation per householder 
 Measures 
Installed 
Householder 
interviews 
BS Air-tight. 
tests 
Temp. RH Meter 
Readings 
 B W I I1 I2 I3 CS Pre Post 1y 2m Pre Post 
H1 -           -    
H2 - -          -    
H3  - -      - -      
H4*              -  
H5  -            -  
H6 -  -      -     -  
H7** -  -      - -    - - 
H8   -      -     -  
H9   -           -  
H10***  - -           -  
B = Boiler, W = Windows, I = Wall Insulation; 11 - 13 = Interviews 1-3, CS = Categorising Survey, BS = Building Survey,  
Temp 1y = one full year, Temp 2m = 1 month pre and 1 post, RH = Relative Humidity; *comfort assessment and meter readings Oct 2014,  
**H7 did collect meter readings but some were misplaced, ***data collection started July 2013 
 
 
 
 
